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Abstract  
The cell wall is a multifunctional structure which is implicated in plant growth and 
development as well as responding to any environmental changes including biotic and abiotic 
stresses. One of the practical approaches in cell wall integrity studies is the modification of the 
quality and quantity of particular cell wall components or destroying the specific step in cell wall 
synthesis pathway using Cellulose Biosynthesis Inhibitors (CBIs). In this case, chemical screen 
for swollen organ phenotype has proved to be an important technique to identify the genes that 
are directly or indirectly involved in cellulose biosynthesis.  
In the present research, a number of synthetic CBIs were obtained through a chemical 
library screen from Chembridge Company for the root swollen phenotype which is believed to be 
the response to a defect in cellulose biosynthesis. Therefore, a genome-wide expression profiling 
based on Affymetrix ATH1 GeneChip arrays (contains 22810 probe sets) were applied to 
investigate the altered transcriptome of four different CBIs including CBI-15, 18, 22, and 27 and 
isoxaben in 5 day-old Arabidopsis thaliana seedlings. The results of this project revealed 
overlapped up and down-regulated genes as well as discriminate responses to each CBI. The 
most striking modification were found in genes involve in response to the stress as well as cell 
wall integrity and restructuring. Thus, the identification of regulated genes under CBIs treatment 
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1   Introduction 
1.1 The cell wall is a heterogeneous and dynamic structure 
The cell wall is a multifunctional complex and heterogeneous structure that encases all 
the plant cells and differentiates them from animal cells (Eckardt, 2003). Although cell walls are 
not unique to plants and are found in various bacteria, fungi, algae, and archaea but cell wall 
composition and structure among these organisms is different (Sarkar et al., 2009). The plant cell 
wall is a dynamic, flexible construction that surrounds the plant cell, giving it a very defined 
shape (Fry, 2004; Keegstra, 2010). The cell wall is widely accepted to be a dynamic structure 
(previously thought to be a static structure) are that cell wall is involved in cell division, 
enlargement, differentiation, absorption, and secretion. It also responds to biotic and abiotic 
stresses, and acts as an inductive signal pathway between different cells in an organism, or even 
between different cells in two organisms (Fry, 2004; Burton et al., 2010, Miller et al., 1997, 
Brown et al., 2005). In addition, mechanical support is implemented by the cell wall. The 
mechanical strength provided by the cell wall resists internal osmotic pressure against the plasma 
membrane, and maintains the cell integrity (Burton et al., 2010; Miller et al., 1997; Eckardt, 
2003). Given the variety of functions associated with cell walls and given their complex nature, 
it is not surprising that the number of genes implicated in cell wall biogenesis is as high as 15% 
of plant genomes (Carpita et al., 2001). 
 
1.2 The distinction between primary and secondary cell walls 
Plants form two types of cell walls: a primary and secondary cell wall (Emons, 1994). 
The primary cell wall is synthesized de novo during the final stages of cell division (Baluska et 
al., 2005; Damme et al., 2008). The primary cell wall is hydrated, and therefore flexible and able 
to expand due to weakened hydrogen bonding between glucan chains and randomly oriented 
microfibrils (Harris and DeBolt, 2010; Fry., 2004). Unlike the primary cell wall, the secondary 
cell wall deposition takes place once cell expansion has arrested inside the primary cell wall by 
inclusion of lignin into the matrix (Bidlack et al., 1992; Kaneda et al., 2010). Moreover, it 
contains xylan, rather xyloglucan, as well as a higher percentage of cellulose in comparison to 
the primary cell wall (Eckardt, 2003). It also contains lignin, which is a phenolic polymer. While 
lignin forms in the secondary cell wall, it repels water from the matrix forming a hydrophobic 
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network that tightly binds cellulose, prohibiting cell wall expansion (Burton et al., 2010).  
 
1.3 Cell wall composition and structure 
The primary cell wall is composed of up to 95% sugar polymers and 5% proteins.  (Minic 
et al., 2009). The sugar polymers are high molecular weight polysaccharides including cellulose, 
hemicelluloses, and pectin (Fry, 2004). In addition, wall proteins constitute approximately 5-
10% of total cell wall mass and are the key factors of stress response, growth, and development 
(Showalter, 1993; Jamet et al., 2006).  
Stained section of plant tissues affirm that the cell wall varies notably in appearance and 
composition in different cell types, growth phase, and cell position rather than being uniform 
(Showalter, 1993; Keller et al., 1988 ). For instances, the cell wall of epidermal cell, phloem and 
xylem fibers are thicker in comparison to the wall of cortical parenchyma (Freshour et al., 1996). 
Moreover, the ratio of wall polysaccharides varies between species and tissue as well as 
developmental stage (Popper and Fry, 2003; Fry, 2004). For instance, polysaccharide 
composition is different in dicots and monocots. While the dicots cellulosic network is embedded 
in a pectin and xyloglucan matrix, monocots have higher proportion of glucuronoarabinoxylans 
and (1,3; 1,4)- β-D-glucans rather than pectic and xyloglucans polysaccharides ( Farrokhi et al., 
2006; Cui and Wang, 2009; Smith et al., 1998).  
These differences of cell wall properties are not limited to the composition but also 
extend to specific features of wall structures such as the connections between wall components. 
The wall polysaccharides are cross linked to each other and even occasionally to non-
carbohydrate moieties. These cross-links may include hydrogen bonds, covalent, and glycosidic 
bonds, which all tend to hold the wall components together (Fry, 2004).  
 
1.3.1 High molecular weight polysaccharides 
Electron microscopy studies have reveal that cellulose is synthesized at the cytoplasmic 
side of the plasma membrane (Figure 1) by a proposed, hexameric protein complex called a 
“rosette”, or terminal complex, consisting of 36 individual cellulose synthase proteins (CESA) 
(Persson et al., 2007; Brown, 1996). The CESA complexes are proposed to be assembled in 
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Golgi apparatus and then exported to the plasma membrane in presence of calcium via vesicle 
secretion (Somerville, 2006; Emons and Fagerstedt, 2010). CESAs synthesize cellulose by the 
addition of a sugar nucleotide donor (probably uridine diphosphate- UDP-glucose) to a growing 
β-1-4-glucan chain thereby, cellulose biosynthesis is likely composed of two major steps. The 
first step is the synthesis of the glucan chain and the second step is the crystallization of multiple 
glucan chains into a microfibril (Saxena et al., 2008). However, the molecular mechanism for 
both steps is poorly understood.  
Other cell wall matrix polysaccharides are synthesized by membrane-bound enzymes in 
the Golgi. Once synthesized, they are deposited to the cell wall via exocytosis (Figure 1) 
(Gibeaut and Carpita, 1994). Sugar-nucleotide polysaccharide glycosyltransferases are involved 
in matrix polysaccharide synthesis. However, the precise mechanism of the wall polysaccharide 














Figure 1. Diagram of cell wall assembly: Cellulose microfibrils are synthesized by terminal 
complexes in the plasma membrane. Other wall polysaccharides are synthesized in the Golgi 













1.3.1.1 Cellulose is the main component of the cell wall 
The primary load bearing polymer in plant cell walls is cellulose. Cellulose is arranged in 
3 nm thick microfibrils, which are assumed to be composed of 36 β-1-4-glucan chains (Brown, 
1996; Mutwil et al., 2008). Each glucose residue in a β-1-4-glucan chain is turned 180 ° in 
relation to the adjacent glucose residue. Thus, due to this specific spatial arrangement of 
glycosidic links between two adjacent glucose residues, the repeating component of cellulose is 
called cellobiose (Delmer and Amor, 1995). The 36 β-1-4-glucan chains bond closely and tightly 
to each other (Figure 2) and make a crystalline structure that excludes water and is partly 
resistant to chemical and enzymatic attack (Rabinovich, 2006; Hamelinck et al., 2005). Cellulose 
is considered to be the longest natural polymer and is proposed to consist of 8000 to 15000 
glucose molecules in the primary and secondary cell wall, respectively (Somerville, 2006). The 
insoluble microfibrils enclose firmly surround the plant cells and therefore supply the main 
mechanical support to external stresses and internal turgor pressure maintenance. They also 
function as scaffolds for non-cellulosic polysaccharides in the wall, such as pectins and 
hemicelluloses (Somerville, 2006).  
The cortical microtubules (MTs) are thought to conduct the cellulose deposition since 
they have a tendency to be deposited parallel to each other (Mutwil et al., 2008). Microfibril 
orientation determines growth directionality of cells with diffuse growth. Thus, for a plant to 
change shape or grow it must control the direction and rate of cell wall expansion by the biased 
orientation of cellulose deposition. Recent studies on microtubules and cellulose microfibril 
deposition showed that there are some complex interactions between these two components and 
they both influence each others deposition (Hofmannova et al., 2008; Westeneys, 2004). 
Previous studies have shown that oryzalin (a microtubule depolymerising drug) application leads 
to lateral elongation regions in the cell wall (Baskin et al., 1994). Furthermore, it seems that the 
microtubules are not absolutely required for cellulose microfibril deposition. However, if they 





Figure 2. The cellulose microfibril schematic in plant cell wall associated with other 
polysaccharide. Each glucose residue is turned 180 ° in relation to the adjacent residue therefore 
the repeating unit of cellulose is called cellobiose. Thousands of cellobiose units are linked 
together in an unbranched manner to form a β- 1, 4- glucan chains. Elementary microfibrils are 
comprised of 36 of β- 1, 4- glucan chains. Adopted from Sticklen, 2008, Nature Reviews 










1.3.1.2 Hemicellulose can bind tightly to microfibrils  
Hemicellulose is a flexible, amorphous, and random polysaccharide of 5- and 6- carbon 
ring sugars that binds to the surface of cellulose. This binding connects the cellulose microfibrils 
into a network, reinforcing the structural orientation of microfibrils and preventing them from 
sliding against each other (Cosgrove, 2005; Obembe et al., 2006). It is also thought that 
hemicellulose acts as an intermediary component of the secondary cell wall; conjoining polar 
cellulose, through hydrogen bonding, to non-polar lignin by covalent linkage (Koshijima and 
Watanabe, 2003). Furthermore, some hemicelluloses may even be trapped within cellulose 
microfibril during their formation, further strengthening this interaction (Hayashi, 1989). In 
terms of composition, hemicellulose can be composed of different sugar monomers such as 
xylose, mannose, galactose, rhamnose, and arabinose, in contrast to cellulose which is only made 
of anhydrous glucose. Xylose is the predominant sugar found in hemicelluloses. Again, in 
contrast to cellulose, hemicellulose is a branched polysaccharide with short branched 
polysaccharide chains coming off a primary glucan, mannan or xylan backbone (Obembe et al., 
2006; Scheller and Ulsvkov, 2010). 
Xyloglucan, xylan, glucomannan, and arabinoxylan are examples of different types of 
hemicelluloses. Xyloglucan is the most frequent hemicellulose in primary cell wall of 
dicotyledons and thought to be involved in cell wall loosening and cell expansion (Obembe et 
al., 2006; Rose et al., 2002), while secondary wall has reduced xyloglucan contents, but more 
xylans and glucomannans. Xyloglucans are comprised of a (1, 4)-β-D- glucan backbone, and are 
often associated carbohydrate groups including xylosyl, galactosyl and sometimes fucosyl 
residues (Figure 3) (Pauly et al., 2001).  
Xyloglucan biosynthesis and modification are mediated by different types of enzymes. 
These enzymes are categorized into two main groups; hydrolases and synthases. β-galactosidase, 
α- xylosidase, β- glucosidase, xyloglucan transglycosylase/hydrolase (XTH), and α- fucosidase 
are the members of hydrolase group and β- (1,4)- glucan synthase, α- fucosyltransferase, β- 
galactosyltransferase, and α- xylosyltransferase are involved in xyloglucan biosynthesis (Bem 
and Vincentz, 2010). The XTH are responsible for post- deposition modification in size or 




Recently, Cavalier et al. found that two α- xylosyltransferase genes play a fundamental role in 
Arabidopsis xyloglucan biosynthesis. Named XXT1 and XXT2, no detectable xyloglucan can be 
identified in double loss-of-function mutants for these genes. Surprisingly, the double mutant 
plants manage to develop normally. This result has caused a huge challenge about the 
























Figure 3. Xyloglucan structure. Xyloglucan backbone is comprised of β- (1, 4) - D- glucan which 
is associated with other carbohydrate such as xylose and galactose and sometimes L- fucose. 




















1.3.1.3 Pectin serves as a wall adhesion molecule   
Pectin, the most heterogeneous cell wall polysaccharide, was first discovered in 1825 by 
Henri Braconnot (Manfield et al., 2004). Pectin is highly hydrophilic and makes a hydrate gel 
phase, or spongy matrix, in which the cellulose-hemicellulose network is embedded. Therefore, 
it forms a hydrate skeleton supporting the structural integrity of the cellulose network as well as 
determining the porosity of cell wall (McCann et al., 1994). Calcium ions play an important role 
in cell wall rigidity by creating cross-linking between pectins or pectins and other 
polysaccharide. Primarily, pectin is highly methyl-esterified and neutral in young tissue whereas, 
in older tissues it becomes more acidic due to pectin methylesterase action. This modification of 
pectin enhances the formation of pectin network via Ca
2+
 bridges around carboxyl groups, then 
reducing the chance of pectin depolymerisation (Wakabayashi et al., 2003; Fry, 2004; Willats et 
al., 2001). The importance of this cross-linking has been demonstrated by experiments that 
revealed the wall is weakened and breakable when the calcium concentration is low, whereas it is 
strengthened when the calcium concentration is high around pectins and leads to their 
aggregation and bonding to one another (Hepler et al., 2010).  
Pectin‟s hydrophilicity is attributed to its composition which includes acidic sugars such 
as galacturonic and glucoronic acid, as well as neutral sugars such as rhamnose, galactose, and 
arabinose (Willats et al., 2001; Fry, 2004). The pectin backbone is usually comprised of 
unbranched chains of D-galacturonic acid units while other carbohydrates linked to this 
backbone, providing additional functionality to the pectin (Figure 4). Homogalacturonan, 
rhamnogalacturonan (RG), arabinan, and galactan are examples of different types of pectins 
(Willats et al., 2001). There are two different kinds of RG, type I and type II. RG II is made of 
more than 10 different sugars while RG I is a highly branched carbohydrate and one of the most 









Figure 4. Schematic structure of Pectin. Pectin is the most heterogeneous component of cell wall. 
The pectin backbone is usually comprised of unbranched chains of D-galacturonic acid units (the 
black unit in the diagram) while other carbohydrates link to this backbone and provide additional 











1.3.2 Lignin is a key constituent of the secondary cell wall      
Lignin is a phenolic, branched cell wall biopolymer of monolignols and the second most 
abundant natural polymer on earth after cellulose. Lignin is made through free radical coupling 
reaction in which a series of oxidation steps occurs on coumaryl, coniferyl, and sinapyl alcohols 
(Boerjan et al., 2003). Due to its hydrophobic and rigid structure and its poly-phenolic nature, 
lignin mediates many physiological functions such as structural support, reinforcing wall 
carbohydrates, and resistance to microbial invasion (Fry, 2004). Lignin also adds significant 
mechanical strength to the cell wall, thereby also inhibiting pathogen invasion. Moreover, lignin 
facilitates and reinforces the covalent bonding of hemicellulose and microfibrils to the cell wall 
(Vincent, 1999).The site of lignin biosynthesis is likely to be in the plasma membrane, where it 
is found, due to immobility and hydrophobic nature of lignin (Fry, 2004). Over the past decades 
lignin has attracted a lot of interest since it is an obstacle in conversion of lignocellulosic 
biomass into biofuel (Chen and Dixon, 2007). 
 
1.3.2 Cell Wall Proteins are major components of the wall 
Cell wall proteins have either a structural or an enzymatic role in the cell wall. They are 
particularly important for cell wall remodelling during plant growth and development and exhibit 
defensive mechanisms in response to biotic and abiotic stresses (Fry, 2004). The proteins with 
enzymatic roles such as cellulose synthases, oxidases, hydrolases, and transferases are necessary 
for cell wall modifications and thickening. 
Based on recent advances in proteomic studies, Arabidopsis wall proteins were 
categorized into nine groups based on their known function and/or their predicted functional 
domains (Jamet et al., 2008). Up to 30% of cell wall proteins act on carbohydrates. The 
developments in genome sequencing of the living organisms has revealed that plants notably 
contain more carbohydrate- active enzymes in comparison to other organisms, likely due to theie 
requirement for cell wall assembly (Manfield et al., 2004).  Other enzymes such as oxido-
reductases and proteases contain a domain that interacts with polysaccharide, proteins; those 
proteins involved in signalling and lipid metabolism, structural proteins, domain of unknown 
function proteins (DUF) and proteins which cannot be assigned into any mentioned groups, they 
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are categorized into miscellaneous group (Jamet et al., 2006; 2008; 2009; Lezica et al., 2010).  
 
1.3.2.1 Proteins acting on cell wall carbohydrates 
More than 800 carbohydrate active enzymes have been identified in the Arabidopsis 
genome (Brown et al., 2005). The high proportion of this group of enzyme suggests that the 
regulation of carbohydrate active enzymes is crucial for wall biosynthesis, restructuring, and 
degradation (Coutinho et al., 2003). Expansins, esterase, lyase, glycoside hydrolases (GHs), 
xyloglucan endotransglucosylases/hydrolases (XTHs), polygalacturonases, and β-1-4-glucanases 
are the most important representatives of the proteins which act on cell wall carbohydrates 
(Jamet et al., 2008). These proteins are thought to modulate wall polysaccharide networks during 
growth and development stages by reorganization of glycans (Jamet et al., 2008). Additionally, 
they are involved in cell wall metabolism, plant defense mechanisms in the response to 
environmental stresses, and the signalling and mobilization of storage bodies (Jamet et al., 2008; 
Minic et al., 2009). Due to the diversity of substrates and multifunctionality of GH family, 
synthesis and post-deposition modification of cell wall polysaccharides does not require a large 
quantity of enzymes (Jamet et al., 2008). 
 
1.3.2.2 Expansins 
Changes in osmotic pressure lead to cell wall loosening, which usually happens at acidic 
pHs (Winch and Pritchard, 1999; Rayle and Cleland, 1992). Cell wall loosening is often 
mediated by expansins. These proteins are involved in cell growth, pH dependent stress 
relaxation, and developmental process such as fruit softening, pollen tube invasion, abscission, 
meristem function and the emergence of root hair (Cosgrove, 2000; Kende et al., 2004). 
Expansins appear to have evolved specifically in the land plant lineage (Kende, 2004). They are 
a group of non-enzymatic proteins with a relative molecular mass of about 26,000 Da and are 
classified into two groups, called α-expansin (EXPA) and β-expansin (EXPB) (Wu et al., 2001). 
A third group of genes, similar to the expansin family, named expansin-like, have been identified 
in some plants but their function in wall physiology remains to be elucidated (Cosgrove et al., 
2002). To date 26 EXPA genes and 6 EXPB were identified in Arabidopsis. The EXPB are a 
large family of proteins mostly found in grasses, maize, and rice and contain group 1 allergens 
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and allergens-related genes in vegetative tissues (Cosgrove et al., 1997). Within A. thaliana, 
EXPB genes are poorly expressed (Cosgrove, 2000).    
The precise role of expansins in the cell wall remains unclear, since in vivo they are cross 
linked to other components, and to date the in vitro assembly of the cell wall is not possible. 
However, there is evidence that shows that expansins play a critical role in plant cell enlargement 
(Cosgrove, 2000). First, plant cell expansin proteins reduce structural stress and enable the 
dissociation of structural glycans causing cell wall extension (Shcherban et al., 1995). To date, 
no other protein has been identified with this function. Second, stimulation of cell enlargement 
occurs with the application of expansins to the living cell (Link and Cosgrove, 1998). Third, 
gene expression analysis of expansins reveals that they are expressed concomitantly with cell 
enlargement (Cho and Kende, 1997; Cosgrove, 2000). In addition, reducing expansin 
expressions using antisense methods have been found to prevent growth (Cho and Cosgrove, 
2002).  These results together are strong evidence that expansins are related to cell growth, and 
play a role in cell wall reassembling. The current model for expansin wall loosening action 
hypothesizes that expansins disrupt the link between hemicelluloses (glycans) and cellulose 
microfibrils or between matrix glycans, causing a relaxation state for the cell wall and displace 














Figure 5. A model of expansin‟s wall-loosening action. Expansins dissociate the hemicellulose 
from microfibrils by disrupting their link, leading to a relaxation state for the plant cell wall. 














1.3.2.3 Glycoside hydrolases 
Glycoside hydrolases (GH) are the major representative of the proteins acting on cell wall 
carbohydrate groups. GHs are a large family of enzymes involved in the hydrolysis of two 
glycosidic bonds between two carbohydrates or a carbohydrate and a non-carbohydrate moiety. 
To date 379 GH genes in Arabidopsis have been identified, which belong to 29 different families 
(Jamet et al., 2006) which differ in their putative substrates in the cell wall (Jamet et al., 2009).  
Seventy-five out of 379 GHs genes have been recognized using proteomics techniques 
and are classified into four groups: (i) enzymes that are likely involved in rearrangement of the 
cell wall polysaccharides during growth and development or in response to stress (Minic and 
Jouanin, 2006). The putative substrates for these enzymes assumed to be pectins and 
xyloglucans; (ii) enzymes implicated in defensive mechanism against pathogens such as 
chitinases and β-1,3- glucanases; (iii) enzymes involved in glycoprotein post-translational 
modification such as α-L- arabinofuranosidases, β-D-galactosidases, and so on; (iv) enzymes 
which have a putative function in mobilization of storage reservoirs. Therefore the GH family 
has an important role in the modification and/or degradation of cell wall polysaccharides through 
hydrolysis or modification of xyloglucans, pectins, and (1, 3) (1, 4)-β-D-glucans (Jamet et al., 
2009; 2008). 
 
1.3.2.4 Xyloglucan endotransglucosylases/hydrolases (XTH) 
Xyloglucan endotransglucosylase (XETs) are a family of cell wall enzymes which 
function in wall restructuring as well as cell wall assembly via the incorporation of newly 
synthesized xyloglucan chain into the cell wall (Xu et al., 1996; Fry, 2004). Some of the XETs 
are assumed to have a hydrolase function on xyloglucans. In this case, the xyloglucan chain is 
cut by XTH at a glucoe residue, but remains covalently connected to glucose site, making an 
enzyme-donor complex. Subsequently, the glucose residue re-attaches to the non-reducing end of 
newly synthesized or pre-existing xyloglucan via XETs (Johansson et al., 2004; Sampedro et al., 
2010). Presently, 33 Xyloglucan endotransferase/hydrolase genes have been identified in the 
Arabidopsis genome, which are classified into 3 major groups (Yokoyama and Nishitani, 2001). 
Members of group I and II facilitate transglucosylation of xyloglucans, whereas members of 
group III catalyze xyloglucan endohydrolysis (Xu et al., 1996). 
17 
 
1.3.2.5 Structural cell wall proteins 
Structural proteins are usually cross-linked in the wall. These proteins are made outside 
of the cell wall and secreted via vesicles (Liyama et al., 1994). The secreted proteins are soluble 
at the beginning, but become more insoluble during cell wall maturation (Liyama et al., 1994). In 
addition to their structural role, many of these proteins are also involved in responses to stress 
and developmental processes (Johnson et al., 2003). Cell wall structural proteins are classified 
based on their predominant amino acid composition. Four major classes of cell wall structural 
proteins have been characterized: hydroxyproline-rich glycoproteins (HRGPs), proline-rich 
proteins (PRPs), glycine-rich proteins (GRPs), and arabinogalactan proteins (AGPs) (Showalter, 
1993). HRGPs are mainly located in the cambium, phloem parenchyma, and sclerenchyma, 
while GRPs and PRPs are mainly found in xylem vessel fibres in differentiated cell wall (Ye et 
al., 1991). PRPs and GRPs have been shown to be implicated in plant defence mechanisms, since 
they rapidly accumulate in the cell wall in response to stress, wounding or pathogen invasion 
(Johnson et al., 2003; Fowler et al., 1999). As the number of cell wall proteins have been 
discovered and sequenced, it has become clear that there are no clear boundaries separating the 
different classes due to overlapping characteristics.  
HRGPs are a loosely grouped into a super-family, rich in glycosylated hydroxyproline 
(Hyp) due to a combination of post-translational modifications (Wegenhart et al., 2006). 
Although HRGPs precise function in plant cell walls remains to be elucidated, they have been 
found to accumulate in response to infection as an apparent defense mechanism. They may also 
act as a coagulator of microbial pathogens or as an indirect structural barrier by facilitating lignin 
deposition in the secondary cell wall, or acting as a direct barrier to pathogens (Showalter et al., 
1985). 
Extensins are the best studied representative of the HRGP group. Extensins are identified 
by a serine, covalently linked to 4 repeating hydroxyproline residues, and the frequent presence 
of Tyr, Lys, His, and Val amino acid residues arranged in repetitive motifs (Kieliszewski and 
Lamport, 1994). Hydroxylation and glycosylation of the proteins occurs post-translationally in 
the Golgi. Most of the hydroxyproline and some of the serine residues in extensins are also 
glycosylated (Shpak et al., 1999; Wegenhart et al., 2006). 
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GRPs are composed of up to 60% or 70% glycine. Presently, there is not a specifically 
defined function for GRPs due to lack of a mutant phenotype and functional redundancy between 
GRP genes (Ringli et al., 2001). 
Arabinogalactans (AGPs) are water soluble and highly glycosylated; usually composed of 
up to 10% protein and 90% of sugars (Johnson et al., 2003). Most of the AGPs act as an anchor 
and are abundant in cell wall and plasma membrane (Fincher et al., 1983). In Arabidopsis, AGPs 
are classified into four subgroups including: Lysine-rich domains, classical AGPs, short protein 
backbone AG peptides, and fasciclin-like AGPs (FLA) (Schultz et al., 2002). AGPs are believed 
to have a role in cell adhesion and cell signalling during differentiation, acting primarily as 
polysaccharide chaperone (Johnson et al., 2003). 
 
 1.3.2.6 The COBRA family of putative GPI-anchored protein 
The COBRA family of proteins were found in Arabidopsis through mutant screens for 
aberrant cell expansion in developing roots (Benfey et al., 1993). The reduced amount of 
crystalline cellulose in COBRA (COB) loss-of-function mutants as well as aberrant cell 
expansion suggest that COB is required in cellulose deposition or crystallization. The COB gene 
encodes a protein that is assumed to be anchored to the external side of plasma membrane 
(Schindelman et al., 2001). In addition, particular phospholipases could cleave this 
glycophosphatidylinositol (GPI) anchor from plasma membrane and this released protein could 
act as a signal or structural component during wall expansin. The Arabidopsis genome contains 
11 COB-related genes, which seem to have some functional redundancy with each other 
(Roudier et al., 2002).  
 
1.3.2.7 Cell wall signal transduction 
Wall Associated Kinases (WAKs) and Wall Associated Kinase-like (WAKLs) belong to 
the receptor like kinases (RLKs) subfamily and involved in signalling between the wall and 
cytoplasm (Hou et al., 2005; Helper and Winship, 2010). To date, 26 WAK and WAKL proteins 
are thought to be encoded by the Arabidopsis genome (Verica and Hi, 2002). WAK proteins 
span the plasma membrane and contain a transmembrane domain with a serine/threonine kinase 
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on the cytoplasmic side as well as an extracellular cysteine-rich amino domain that contains a 
growth factor repeat, which is tightly linked to wall polymers such as pectin in apoplastic side 
(Figure 6) (Desreux and Messiaen, 2005; Hepler and Winship, 2010).  WAKs and WAKLs have 
been implicated in environmental stress responses, plant growth and development processes 
(Hepler and Winship, 2010; Hou et al., 2005). The precise roles of a few of these kinases have 















Figure 6. Wall-associated kinases. WAK molecules span the plasma membrane. The amino 
domains contain growth factor repeats and are in touch with pectins in apoplasm side whereas, 
the serine- threonine kinase domain are located in cytoplasmic side. Adopted from Bruce Kohorn 










1.3.3 Key enzymes in cell wall polysaccharide biosynthesis 
Although there is an apparent plethora of enzymes encoded by plant genomes for 
polysaccharide synthesis, the majority of these enzymes remain poorly characterized. 
Polysaccharide synthases and glycosyltransferases, as two major groups of enzymes in cell wall 
polysaccharide biosynthesis, belong to the larger „glycosyltransferases‟ (GT) class of 
carbohydrate modification enzymes (Farrokhi et al., 2006). Approximately 1.6% (400 genes 
from 41 GT families) of the Arabidopsis genome is comprised of GT genes (Egelund et al., 
2004). 
Type I polysaccharide synthases are those that catalyze the polymerization of glycosyl 
residues from sugar nucleotide donors into the molecular foundation of cell wall polysaccharides 
(Perrin et al., 2001). In other words, this group of enzymes is believed to be implicated in the 
biosynthesis of homopolysaccharides such as cellulose, callose or in the biosynthesis of the 
homomeric backbone of heteropolysaccharides (Perrin et al., 2001; Richmond and Somerville, 
2000). Type I polysaccharide synthases are thought to be encoded by cellulose synthase 
multigene families like the CELLULOSE SYNTHASE (CESA) group, CELLULOSE 
SYNTHASE-LIKE (CSL) group, and GLUCAN SYNTHASE-LIKE (GSL) group and/or 
possibly other genes (Richmond and Somerville, 2000). The large number of CESA and CSL 
proteins share a common D_D_D_QxxRW motif. This motif is thought to be implicated in sugar 
binding and catalytic function of the enzymes (Richmond and Somerville, 2000).    
Similar to type I, type II glycosyltransferases are involved in transferring glycosyl 
residues from sugar nucleotide donor to the polysaccharide backbone, however, unlike with type 
I glycosyltransferases this would happen in a non-repetitive manner (Farrokhi et al., 2006). The 
α-L-arabinosyltransferases and α-D-xylosyltransferases are examples of type II 
glycosyltransferases that decorate polysaccharide backbone structures (Farrokhi et al., 2006).   
 
1.3.3.1 The cellulose synthase complex gene family 
A multitude of CESA proteins have been identified in different plant species and it is 
likely that the particular CESAs are tissue specific, or likely to be active during primary or 
secondary wall biosynthesis (Farrokhi et al., 2006). To date, 10 CESA proteins have been 
identified in Arabidopsis thaliana; named CESA1 to CESA10 (Richmond and Somerville, 2000; 
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Djerbi et al., 2005). Six of these encode proteins with known functions. Complementation of 
cellulose biosynthesis in Arabidopsis mutants has revealed that cellulose biosynthesis requires 
specific CESA subunits, each of which performs a specific non-redundant function (Perrin et al., 
2001; Farrokhi et al., 2006). Studies revealed that at least three CESA proteins are needed to 
constitute a functional terminal complex. In Arabidopsis, CESA1, CESA3 and CESA6 are 
involved in primary cell wall deposition (Persson et al., 2007; Taylor et al., 2000; Mutwil et al., 
2008); mutant analysis has revealed that these CESA complexes do not contribute equally to 
cellulose biosynthesis whereas, CESA4, CESA7 and CESA 8 are equally involved in secondary 
cell wall biosynthesis (Taylor et al., 2000; Mutwil et al., 2008; Gardiner et al., 2003).  
 
1.3.3.2 The cellulose synthase-like gene family 
The glycosyltransferase superfamily 2 (GT2) contains 42 Arabidopsis proteins called the 
CELLULOSE SYNTHASE-LIKE (CSL) super-family. The CSL genes can be classified into 
eight subgroups including CSLA, CSLB, CSLC, CSLD, CSLE, CSLF, CSLG and CSLH (Figure 
7). The CSL group is thought to be involved in biosynthesis of the backbone of cell wall matrix 
polysaccharides. A potential cellulose synthesis function is also possible (Richmond and 
Somerville, 2000; Farrokhi et al., 2006). Amongst CSL subgroups, some groups are only found 
in dicotyledons or monocotyledons and this is likely correlated to the differences in all wall 
polysaccharide content between dicotyledons and monocotyledons (Farrokhi et al., 2006; Smith 
and Harris, 1999). Compared to CESA genes, CSL expression in the cell is lower, might be 









Figure 7. Sub-division of the cellulose synthase like super-family. The CSL genes can be 
classified into eight subgroups including CSLA, CSLB, CSLC, CSLD, CSLE, CSLF, CSLG and 
CSLH. At, Arabidopsis; Os, Rice; Gh, Cotton; Le, Tomato; Mt, Medicago truncatula; Pt, 







1.3.3.3 The glucan synthase-like genes 
The GSL genes are part of a multigene family, likely encoding large plasma membrane 
located callose synthases. GSL proteins are implicated in (1, 3)-β-D- glucan synthesis either as a 
catalytic subunits or pore-forming units of the callose synthase enzyme (Farrokhi et al., 2006). 
To date, 12 GSL genes have been identified in Arabidopsis and most of them are thought to be 
tissue specific (Hong et al., 2001). 
 
 1.4 Difficulties in understanding the cellulose biosynthesis mechanism 
         In spite of the vital role of cellulose in cell wall synthesis, the mechanism of cellulose 
biosynthesis has remained unclear, primarily due to a lack of a reliable in vitro assay for its 
synthesis (Brown et al., 1996). Although it is possible to synthesize cellulose in vitro, these 
systems produce also undesired polymers such as β-1-3-glucan or callose (which is normally 
found in specialized walls or at specific developmental stage), in addition to the desire product 
(Sabba and Vaughn, 1999; Delmer and Amor, 1995; Cifuentes et al., 2010). 
Moreover, the enzymes implicated in cell wall biosynthesis are poorly understood due to 
the reason that they are mostly large, membrane-bound proteins which have yet to be purified in 
a functional form. Application of Cellulose Biosynthesis Inhibitors (CBIs) is one the approach 
that has attracted the recent studies on cell wall. 
 
1.5 Cellulose Biosynthesis Inhibitors 
Chemical screens for swollen organ phenotype has proved to be an important technique 
to identify the genes that are directly or indirectly implicated in cellulose biosynthesis. In 
general, CBIs are compounds that prevent cellulose biosynthesis by disrupting one of the steps in 
the cellulose synthesis pathway or modify the quality and quantity of the particular cell wall 
component (Hofmannova et al., 2008). Little homology exist between the chemical structure of 
most CBIs, making them a relatively diverse group of compounds (Sabba and Vaughn, 1999). 
Application of CBIs to post-emergent seedlings can cause stunted root growth, swelling, and 
clubbing (Sabba and Vaughn, 1999). Among the CBIs, isoxaben, flupoxam, and 2,6-
dichlorobenzonitrile (DCB) are the most frequently used. Isoxaben is applied more specifically 
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for dicotyledons, typically is used for control of broad leaf weeds in the pre-emergence phase of 
germination (Sabba and Vaughn, 1999). Flupoxam is the representative of trizol carboximides 
and has been marketed in Europe as a wheat herbicide since the 1990s (Sabba and Vaughn, 
1999). DCB is one of the oldest and structurally simplest of the cellulose biosynthesis inhibitor, 
which has been used since 1960s as herbicide for broad leaf and grass weeds. The DCB site of 
action in plant is still unknown. Previously, CBIs were used only as herbicides whereas 
currently, they are one of the tools used in exploring cell wall integrity and biogenesis. Although 
their biological effects of disrupting cell wall synthesis either directly or indirectly is similar, 
their sites of action are different and still unknown for majority of them. 
 
1.5.1 Isoxaben 
Isoxaben is a very strong herbicide shown to be effective on Arabidopsis even at 
concentrations as low as 4.5 nM (Heim et al., 1990). Isoxaben has been shown to interfere in the 
completion of cell plate formation creating an incomplete, thin cell plate which has reduced 
cellulose and callose as well as relative inhibition of xyloglucan synthesis (Durso and Vaughn, 
1997; Sabba and Vaughn, 1999). Furthermore, isoxaben inhibits 
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C-glucose incorporation into 
the acid-insoluble fraction of cell wall preparations, implying that it targets cellulose 
biosynthesis (Heim et al., 1990). Several isoxaben resistance mutant studies have revealed that 
isoxaben has its effect on cellulose synthase complex because it most likely targets CESA 
proteins (Scheible et al., 2001). Indeed, it is becoming increasingly clear that isoxaben 
exclusively binds to terminal complexes and interrupts the cellulose synthase enzyme function 
due to inhibition of CESA3 and CESA6 (Scheible et al., 2001; Desprez et al., 2002). 
 
1.5.2- Flupoxam 
Flupoxam application has been shown to have relatively similar effects on cell plate 
formation to isoxaben (Sabba and Vaughn, 1999). In spite of this similarity, Arabidopsis mutant 
studies have revealed that mutants that are resistant to either DCB or isoxaben are not cross-
resistant to flupoxam (Vaughn, 1999); therefore, the flupoxam site of action is likely different 




1.6 The impact of cell wall study on human life 
A significant percentage of the organic molecules available on earth are sequestered in 
cell walls (Cosgrove, 2005). Products of the plant cell wall such as paper, timber, fibres, 
coatings, and foodstuff have played an important part of human well being (Emons and 
Fagerstedt, 2010). The quality and quantity of cell wall component is modifiable using genetic 
manipulation approaches in order to improve the quality and processing productivities of plant-
based products. The involvement of cell wall in malting barley, bread making, ruminant 
digestibility and diet, indicates the importance of the wall in food industry. Furthermore, new 
research shows that wall components can be very crucial for the human health as therapeutic 
agents. For example,  high concentrations of (1,3; 1,4)- β-D-glucans in cereals has been shown to 
be useful for non-insulin-dependent diabetes (Hodge et al., 2003), or high levels of (1,3; 1,4)- β-
D glucans and other non-cellulosic wall carbohydrates are important in maintaining blood 
cholesterol levels low (Moosmann and Behl, 2004), and particular AGPs and pectins have been 
implicated in certain type of immune cell activation in addition to the regular immune system 
function (Sakura et al., 1999). 
Cellulose has also been proposed to be a prime feedstock of bioethanol production 
(Somerville, 2006). Cellulose saccharification has therefore attracted much interest in recent 
years (Wang et al., 2011). The degradation of cell wall polysaccharides requires multi-enzymatic 
and/or chemical processing (Bon and Ferrara, 2007). Acid-based or enzyme-based methods have 
been widely used to degrade wall polymers into monomers (mostly glucose) and these 
monomers are subsequently fermented by Saccharomyces cerevisiae to ethanol. Recently, the 
bioethanol industry has attracted many studies due to the advantages of this fuel in comparison to 
gas fuel such as air pollution reduction, foreign oil independency, rural revitalization, and so on 
(Badger, 2002; Bon and Ferrara, 2007). 
 
1.7 Thesis objectives  
Currently, transcriptomic analysis has focused on the investigation of gene regulation and 
the determination of candidate genes for cell wall integrity and biogenesis on a large scale 
(Ehlting et al., 2005). It is postulated that an induced transcript at a particular physiological state 
indicates that the gene encoding that transcript is implicated in the process being studied (Carter, 
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2006). The application of cellulose biosynthesis inhibitors (CBIs) is a classical approach to 
disrupting the cellulose biosynthesis pathway. In the present study, a number of synthetic CBIs 
were obtained through a chemical library screen. Therefore, the most recent Affymetrix 
Arabidopsis oligonucleotide array (ATH1 array) was used to investigate the altered 
transcriptome induced by five different CBIs. The major objectives of our research were: (a) to 
study the early transcriptomic response induced by these different CBIs; (b) to investigate the 
similarities or differences in the expression profiles among these CBIs; (c) to clarify if the 
similarity of expression patterns between CBIs is in agreement with the similarity of their 
structure; (d) and more specifically, to determine the candidate gene which are implicated in wall 
or cellulose biosynthesis. Early transcriptional study (6 hours) assumes that at this stage, most of 
the Arabidopsis cells have sensed the cell wall perturbation by CBIs and they activated a 
compensatory mechanism to maintain the cell wall integrity. Therefore, the study of regulated 

















2 Materials and Methods 
2.1 Chemical library screen  
A chemical compound library from Chembridge was screened for a root swelling 
phenotype which is often associated with impairment in the cellulose biosynthesis. Figure 8 
indicates the outline of the experimental steps for library screening. The Arabidopsis thaliana 
seeds were added to 96 well-plates and then each chemical from the library were added to a 
defined well in three replicates. The cell wall related phenotypes (root swollen Arabidopsis 
seedlings) were selected for further analysis. Twenty seven chemicals turned out to be active as 
cellulose biosynthesis inhibitors (CBIs). The molecular weight of these chemicals is available 
through Chembridge and a 10 mM stock of each chemical was made in Dimethyl Sulfoxide 




Figure 8. Diagram of experimental set-up for chemical library screen for cell wall-associated 






2.2 Determining the effective concentration of CBIs 
The effective concentration of the CBIs was determined by establishing a dose response 
curve. First, Arabidopsis thaliana, ecotype Colombia-0 (Col-0), was grown on three different 
concentrations for 4 days. The midpoint was determined based on a previous data (Bonetta, 
2008, unpublished data). The first and third concentrations were set as half and double amount of 
the midpoint.   
Root and seedling morphologies were assessed using a dissecting microscope (AmScope 
MD900E). Some concentrations had obvious effect on root and seedling morphology while 
lower concentration for the same CBI did not. Based on these results, five CBIs were selected for 
the microarray analysis including: CBI-15 (3,5-diethoxy-N-(4-methyl-pyridin-2-yl)-benzamide), 
CBI-18 (N-[2-(3,4-dimethoxy-phenyl)-1-isobutylcarbamoyl-vinyl]-benzamide), CBI-22 (N-[2-
(2-isopropyl-5-methyl-phenoxy)-ethyl]-3-phenyl-propionamide), CBI-27 (2-(7,7,9,9-tetramethyl-
7,8,9,10-tetrahydro-6-thia-1,3,3a,5,8-pentaaza-cyclopenta[c]fluoren-2-yl)-phenol) and isoxaben 
(Figure 9). Table 1 shows the effective concentration which were used in this study. The 










Figure 9. Chemical structure of the different CBIs which used in this experiment as well 
as the isoxaben. 
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Table 1. Selected CBIs for this experiment with the concentrations tested and the most 




















CBI-15 10 2.5 5 10 
CBI-18 20 5 10   20 
CBI-22 20 5 10 20 












2.3 Experiment set up 
2.3.1 Tissue preparation 
Arabidopsis thaliana, Col-0, seeds were sterilized using chlorine gas, which was 
generated by combining 45 ml sodium hypochlorite and 5 ml concentrated sulfuric acid, while 
keeping the seeds in a sealed box for a minimum of 4 hours. After sterilization, the seeds were 
grown on 4 ml of 0.5 X Murashige and Skoog (MS) media supplemented by 0.5% (w/v) glucose 
in the dark for 4 days at 4°C. Then, the seeds were exposed to light for 6 hours and immediately 
returned to dark conditions on a shaker at room temperature for 5 more days. After this 
incubation period, fresh media was exchanged and supplemented with CBIs plus 0.5% 
cyclohexamide and kept on a shaker for another 6 hours. A control experiment including only 
0.5% cyclohexamide was also set up. A total of three biological replicates were assessed (3 
control, 3 CBI-treated). All harvested tissues from individual replicates were separately frozen in 
liquid nitrogen and kept in -80 ° C freezer until further processing. 
 
2.3.2 RNA extraction and analysis 
RNA was extracted from 200-300 mg tissue using the TRIZOL method (Invitrogen) from 
the CBI-treated and the control seedlings. The quality of RNA was assessed running it on a 1.5% 
agarose gel and the RNA quantity was determined by measuring sample absorbance at 260 and 
280 nm using a spectrophotometer (Eppendorf Bio Photometer) and visually by the presence of 
clear and sharp 18S and 23S ribosomal RNA bands and a minimum of 0.5 µg per µl RNA in the 
10 µl final volume used for hybridization. The samples were kept in -20°C freezer and then 
submitted to Affymetrix Center at Department of Cell and Systems Biology at University of 
Toronto for processing.  
 
2.4  GeneChip array as a global gene expression analysis technique  
  The Affymetrix GeneChip array is one of the most powerful tools in gene expression 
analysis and has been widely employed since its invention. In particular, GeneChip technology 
has been widely used to query plant transcriptome responses to various treatments (Das et al., 
2010). The Affymetrix GeneChip uses probe pairs which are 25 base pair nucleotide sequences 
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to probe specific genes. Generally, Affymetrix uses several probe sets which are 11-20 pairs of 
oligonucleotide probes to represent the target gene (Irizarry et al., 2003). A probe pair consists of 
two probes: a perfect match (PM) and a mismatch (MM). In a mismatch the middle nucleotide 
(13
th
) has been changed in order to simulate non-specific binding (Figure 10). For hybridization, 
RNA were extracted from treated tissue, and then converted to cDNA and later labelled cRNA. 
Then the cRNA were hybridized to the probes and scanned to produce images. Several steps can 
be employed at this point to adjust the background, and normalize the data in order to minimize 
noise before analysis. Various combinations of software may be used for data analysis but all are 











Figure 10. Schematic of GeneChip expression pattern. The presence of mRNA is identified by 
several probe pairs. A probe pair consists of two probes: a perfect match (PM) and a mismatch 
(MM). In a mismatch the middle nucleotide (13
th
) has been changed in order to simulate non-
specific binding. Hybridization of biotin labelled cRNA to these probe pairs is detected by laser 











2.4.1 Microarray procedure    
The Arabidopsis whole genome array consisted of oligonucleotide probes which were 
synthesized on the GeneChip arrays. Each probe has a defined location on the array called a 
probe cell which contains millions of copies of probes for each Arabidopsis gene. These were 
hybridized to labeled RNA which was generated from total RNA which was converted to first 
and second strand cDNA; the double stranded cDNA was then used as a template to generate 
biotin-labeled cRNA for further quantification of transcriptomes. Hybridization of the 
fragmented, biotinylated cRNA was over the course of 16 hours. The arrays were then washed 
and stained with streptavidin phycoerythrin (SEPA) conjugate. These were scanned twice using a 
GeneChip 3000 7G scanner at an excitation wavelength of 488 nm. The intensity value of each 
probe cell was defined based on the average of two images calculated by scanner software. The 
image of each array was saved in a data image file (.dat extension). The result of intensity 
calculation was also saved into a CEL file in which the values were based on the pixel intensity 







2.5 Microarray data analysis 
2.5.1 Software requirement 
CEL files were used to perform background adjustment and data normalization using R 
project and Bioconductor. The R project was downloaded from http://www.r-project.org  and the 
Bioconductor were activated through the R project using the following commands: 
 >source (http://www.bioconductor.org/biocLite.R)  
 > biocLite ( )  
These commands installed the Bioconductor and make its data source available through 
the R project.  The background adjustment, normalization, summarization and quality assessment 





2.5.2 Background adjustment and data normalization 
Background adjustments were done to remove any non-specific hybridization noise in 
optical detection. There are different methods to adjust the background. Robust Multiarray 
Analysis (RMA) and Guanine Cytosine Robust Multi-Array Analysis (GC-RMA) were used in 
this study. A Quintile method was used after RMA to normalize the data. After background 
adjustment and data normalization the data were retrieved in the form of an excel file for further 
analysis. In this step, data were log-2 transformed and ready for statistically analysis using 
Significance Analysis of Microarray and Multi-Experiment Viewer. 
 
2.5.3 Significance Analysis of Microarray and Cluster Analysis     
Significance Analysis of Microarray (SAM) is a statistical method which applies a 
moderated t-test to find the significance of up and down-regulated genes in a microarray 
experiment (Tusher et al, 2001). The SAM plots in this experiment were determined using a 
specific delta value for each CBI, a fold change greater than 2, 100 permutations, and were 
compared using Tusher et al. (2001) method. The significance genes were determined using a 
delta value or by using the fold change option. Hierarchical trees were generated based on genes 
in SAM and also based on similarity of expression between different CBIs using the Multi-
Experimental Viewer. 
 
2.5.4 Gene Ontology Analysis 
The bioinformatics tools from the Arabidopsis Information Resource 
(http://www.arabidopsis.org/tools) and the Bio-array Resource for Plant Biology 
(http://www.bar.utoronto.ca) were used to determine the Affymetrix ID and gene annotations.  
 
2.5.5 Other Analysis 
Up-regulated and down-regulated genes were determined by SAM and the Genechip IDs 
converted to AGI using the Bio-Array Resource (BAR) for Plant Functional Genomics (BAR) 
(http://www.bbc.botany.utoronto.ca). The Venn Selector and the Venn Super Selector from BAR 
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were used to compare two or more treatments respectively by identifying the common genes 
between treatments. The Classification Superviewer was used to generate a functional 
categorization according to the GO data base. This classification was compared to the functional 
classification from TAIR website (http://www.arabidopsis.org/tools/bulk/go/) as well as 
searching through hundreds of microarray datasets. Finally, the fold changes for up and down 
regulated genes in each treatment were calculated based on the following formula for logged 
data: 
FC = (mean of replicates for the treatment – mean of replicates for the control) 
For unlogged data the formula is: 
FC = (mean of replicates for treatment/ mean of replicates for the control) 
Moreover, the log spot history of some candidate genes were taken using NASC‟s 
International Affymetrix Service 
(http://affymetrix.arabidopsis.info/narrays/spothistory.pl?id=253182_at&searchfor=ATH1PS&lo
gscale=yes&selection=no). 
Isoxaben co-expression analysis was performed using the Arabidopsis Gene Co-
expression Analysis Toolbox (GeneCAT) (http://genecat.mpg.de/cgi-bin/Ainitiator.py). The 
cluster analysis was performed in MultiExperimet viewer Version 4.0 (TIGR, Rockville, MD). 
The data were transformed into a logarithm 2 ratio. The complete list of significant regulated 
genes from the SAM output were used to cluster the genes and the treatments. The color scheme 
was set according to the lowest to the highest fold changes in which the repressed genes were 
shown in green, whereas the induced genes were shown in red. 
 
2.6 Gene expression analysis of isoxaben and flupoxam  
A parallel Affymetrix ATH1 analysis, which aimed to identify the effects of isoxaben and 
flupoxam on Arabidopsis seedling, was done at University of Toronto by Wolfgang Moeder. 
These data were also analyzed for comparative purposes. In these experiments, wild type Col-0 
were grown in liquid 0.5X MS medium supplemented by 0.5% glucose and 5 mM MES, pH 5.8 
in the dark condition for four days. The seeds were the exposed to light for 5 hours and 
subsequently left for 3 days on a shaker at room temperature in dark conditions. The inhibitors, 
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200nM isoxaben and 200nM flupoxam, plus 10 µM cyclohexamide were then added to the 
media. After 6 hours samples were collected and flash frozen using liquid nitrogen and kept at -
80°C freezer until further processing.   These were processed and analyzed in a similar manner to 
seedlings in the preceding experiments. This dataset will be referred to as dataset 2. 
 
2.7 Quantitative RT-PCR amplification 
To confirm the reliability of the results for dataset 2, the expression of the most up-
regulated genes in response to isoxaben and flupoxam were measured using Quantitative RT-
PCR. The 5 top up-regulated genes from isoxaben and flupoxam were selected and PCR primers 
were generated for each.  
Total RNA was extracted from  seedlings grown on 0.5X MS supplemented 0.5% 
glucose for 5 days as described for the microarray experiment, using 100nm isoxaben and 
flupoxam as treatments. One µg of total RNA was reverse-transcribed with oligo (dT) primers 
according to the QuantiTect SYBR Green RT-PCR amplification kit Transcription Kit (Qiagen, 
Canada). Quantitative RT-PCR was performed using an ABI 7000 Sequence Detection System. 
Q-PCR Standard Curves were prepared for each primer set using a series of 10X dilution 
including no template and no RT controls. UBQ10 (AT4G05320) was selected as the reference 
gene because the expression levels of UBQ10, 13.2- 14.3, proved to be highly stable among all 
CBIs and replicates. Gene specific primers were designated with the Primer 3 software and 
Primer-Blast software (Tables 2). Relative fold change in gene expression was estimated 









Table 2. Primer list for the selected significance up-regulated genes in response to 
isoxaben and flupoxam for Q-PCR. F= forward; R= reverse 




































2.8 Acid hydrolysis analysis 
The knock outs of the top up-regulated genes of isoxaben and flupoxam were ordered and 
were used for acid hydrolysis analysis (Table 3). The knock out seeds were sterilized and grown 
on MS media for one week, transferred to soil, and kept at 22°C with a photoperiod of 16 h light 
(200 µE/m
2 
/s) for three months. After harvesting the senesced tissues, they were dried by 
incubating at 60°C for 24 hours. These were then ground using a mill with a 60 gauge screen. 
Ground material was washed before acid hydrolysis. The ground tissue (0.1 gram) was washed 
with 10 ml Milli-Q water followed by a second water wash which were then heated in a water 
bath at 80°C for 2 hours. The samples were washed using 70% ethanol at 80°C for another 2 
hours followed by a final wash with 5 ml acetone for a minute. The acetone was removed and the 
samples were dried at room temperature for two days (Shim, unpublished data).  
In order to perform acid hydrolysis analysis, 5 mg of tissue per knock out tissue was 
mixed with 800 µl of water and placed on a shaker for 3 hours until the tissue was saturated. 
Next, 200 µl of 1% sulfuric acid was added and the tubes were kept at 50°C for 1 hour followed 
by centrifugation at 10 000 g for 10 minutes. Fifty µl of the supernatant was then transferred to a 
96 well plate along with 100 µl of 0.2% anthrone in concentrated sulfuric acid; the plates were 
kept at 100°C for 5 minutes. The sugar content of each sample was estimated by comparing 
sample absorbance at 620 nm wavelength to a glucose standard curve.      
 












Table 3. knock out lines for acid hydrolysis analysis. IF: the KO is belonging to isoxaben and 
flupoxam, F: the KO is belonging to flupoxam, and I: the KO is belonging to isoxaben. 
Name T-DNA KO line AGI Annotation 
IF27 SALK_095739c At1g19440 
KCS4 (3-KETOACYL-COA SYNTHASE 4); 
acyltransferase 
IF16 SALK_081086 At3g12700 aspartyl protease family protein 
IF3 SALK_017945c At2g25250 Unknown Protein 
IF4 SALK_089631c At3g28200 peroxidase putative 
IF5 SALK_130172 At3g12700 aspartyl protease family protein 
I5 SALK_115166 At4g23070 ATRBL7- ARABIDOPSIS RHOMBOID-LIKE PROTEIN 
F34 SAIL_409A07 At4g32570 TIFY8(TIFY DOMAIN PROTEIN 8) GABI_738B03 
IF28 SALK_145990 At5g46680 pentatricopeptide (PPR) repeat containing protein 
F40 SALK_026559 At3g16860 COBL8 (COBRA-LIKE PROTEIN 8 PRECURSOR) 















 3.1 Preparation of samples for Affymetrix ATH1 array 
The Affymetrix ATH1 array was used to compare the gene expression profiles in 
response to specific cellulose biosynthesis inhibitors (CBIs) including CBI-15, CBI-18, CBI-22, 
CBI-27 and isoxaben. To identify CBI-inducible genes, 5 day-old Arabidopsis plantlets were 
treated with varying amounts of CBIs (see materials and methods for details) plus 0.5% 
cyclohexamide for 6 hours. This condition was used to identify early genes induced by the 
treatment. The addition of cyclohexamide prevents protein synthesis; limiting the gene 
expression changes observed in these experiments to direct targets of CBI-induced responses. 
Following RNA isolation from treated seedlings, the quality of the RNA was assessed on agarose 
gels and the quantity was estimated spectrophotometrically. A total of 10 µg of each RNA 
sample was used to generate target biotin-labelled cRNA. The target preparation and 
hybridization were carried out at the Affymetrix Centre at the Department of Cell and System 
Biology, University of Toronto.  
 
3.2 Data analysis 
For each hybridization, CEL files were used as the primary data source in order to 
normalize using R statistical project. To adjust the background noise caused by non-specific 
hybridization and optical detection error, Robust Multiarray Analysis (RMA) was used and 
compared to the Guanine Cytosine-RMA (GC-RMA) method to find out which method was 
more efficient. RMA based methods have shown to be more precise, sensitive, and consistent 
estimates of fold change in comparison to previous methods such as MAS 5 and dChip (Irizarry 
et al, 2003) due to the problem with miss-match (MM) data. The MAS 5 subtract miss-match 
data from perfect-match (PM) to calculate the signal intensity for each probe pair. 
Approximately, one-third of MM data are greater than PM that suggests MM probes not only 
measure the non-specific binding but the true signal, too. Thus, deduction of MM data from PM 
will result in a loss of desired signal in those probes. The RMA based methods not only solve 
this MM probes problems but they also incorporate a pre-normalization step which excludes the 
need for further normalization and therefore the box plots are more similar after background 
adjustment step. For example, Figure 11 compares the post normalized MA plot prepared by 
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RMA and GC-RMA for CBI-27. The IQR is the difference between the values of upper (75%) 
and lower (25%) quartiles. The smaller the IQR value, the lower variation among data. GC-RMA 
gives more precise values in compared to RMA, since the median is 0 using GC-RMA and the 
InterQuartile (IQR) values are closer to the median. This result suggests a better background 
adjustment and normalization method by GC-RMA in comparison to RMA method. Thus, the 
GC-RMA has been employed as the normalization method in this study Figure 32 and 33; 
Appendix).  
In addition, raw data scatter plot between the three biological replicates of each CBI 
(CBI-22 is shown as an example) and control samples were prepared using Microsoft Office 
Excel 2007. In all cases, the scatter plots confirmed the high level of overall consistency between 





















Figure 11. A comparison between RMA and GC-RMA methods for the CBI-27 triplicates. The 
MA plot indicates the log intensity ratio (M-values) versus the log intensity averages (A-values). 
The MA plot shows the distribution of microarray data. The red lines show the median; whereas 
the blue line indicates the IQR. The first row (A) shows MA-plot obtained from RMA method 
and the second row (B) from the GC-RMA method. The median and IQR values are lower and 
closer to 0 in GC-RMA method compared to the RMA method, which suggest a more precise 














Figure 12. Scatter plots for three replicates of CBI-22 versus three replicates of the control using 
Affymetrix experiment ATH1 Arabidopsis whole genome array data. The expression signal are 






3.2.1 Significance Analysis of Microarray (SAM) 
After normalization, data was saved to an Excel file and converted to a tab delimited text 
file in order to import them into Multi-Experiment Viewer software. A total of 7000, 6823, 6196, 
6574, and 8351 genes for CBI-15, CBI-18, CBI-22, CBI-27, and isoxaben, respectively were 
imported into MeV for further analysis. The Significance Analysis of Microarray (SAM) was 
performed on log2 transformed data and 183, 241, 162, 153, and 1135 significance genes were 
regulated by CBI-15, CBI-18, CBI-22, CBI-27, and isoxaben, respectively. The regulated genes 
were determined considering a fold change (FC) greater than 2 for up-regulated and less than 0.5 
for down-regulated transcripts. A false discovery rate (FDR) of less than 0.01 was obtained in all 
cases based on 100 permutations. Table 4 shows the number of up and down-regulated genes by 
each CBI.   
The expression profiles of the CBI-15, CBI-18, CBI-22, CBI-27, and isoxaben was 
analyzed by hierarchical clustering using all significance genes. The expression levels are 
indicated using colour; red represents an up-regulation and green, a down-regulation (Figure 13, 
Appendices Figure 34, 35, 36, 37). The dendrogram represents the relationships between genes 
based on the similarity of their expression in responses to CBI-15. In the dendrogram, genes 
were clustered into two major groups: those up-regulated by the CBI and those down-regulated. 
Moreover, the top dendrogram shows the treatments clustering; the replicates were clustered in 











Table 4. Total number of regulated genes following by the number of up-regulated and down-
regulated genes for each CBIs using SAM analysis 
 
Total # of regulated 
genes 
# up-regulated genes # down-regulated genes 
CBI-15 183 84 99 
CBI-18 241 128 113 
CBI-22 156 77 79 
CBI-27 151 77 74 


















Figure 13. The dendrogram shows the up and down-regulated genes in response to CBI-15. The 
dendrogram is created using MeV, the expression levels are indicated using colour; red 





3.3 Transcriptional regulation by CBIs 
3.3.1 CBI-15 up-regulated genes 
A total of 84 genes were up-regulated by CBI-15 with a FC > 2 and 1.64 delta value 
(which defines the threshold of false positive genes in the dataset). The majority of up-regulated 
genes were involved in defense mechanisms. The defense-related genes were considered as those 
genes that are regulated in response to different types of biotic or abiotic stresses (Figure 14A, 
Table 19, Appendix). The stress response genes are proposed to be implicated in at least one type 
of stress such as pathogens, herbivores, drought, cold, light, UV, freezing, temperature, salt, 
oxidative stress, and wounding. Based on our results the main group of stress-related transcripts 
were recognized as the heat shock proteins; HSP17, HSP18, HSP20, HSP21, and HSP22 families 
by CBI-15. HSPs constituted 23% of stress-related genes; specifically several members of 
HSP20 family were highly induced by CBI-15.  Other genes belong to the lipid transport family 
protein, polyketide cyclase/dehydrogenase, and structural proteins of oil bodies and more. In 
addition other major groups of induced genes by CBI-15 were involved in energy preparation 
pathways, protein metabolism, and proteins with unknown function. Genes which are involved in 
electron transport and protein metabolism were expected to be the prime necessity of any 
transcriptome up-regulation following by proteome induction.  
A focus on cell wall related genes revealed considerable induction of wall-related genes 
by making an allowance for FC > 1.3 (Table 5). A number of wall-structural genes were induced 
by CBI-15 such as glycine-rich proteins, arabinogalactans, leucine-rich repeat proteins, 
hydroxyproline-rich glycoproteins, proline-rich protein, cell wall-plasma membrane linker 
protein, and a putative cell wall-related cupin family protein (PAP85). In addition, a leucine-rich 
repeat transmembrane protein kinase and an arabinose kinase gene were slightly induced. 
Leucine-rich repeat kinases have been shown to be implicated in cell wall biosynthesis signalling 
(Xu et al., 2008). Other cell wall related genes have putative enzymatic activities such as 
UGT88A, UGT71C, UF3GT, BXL2, and GATL7. UGT88A1 belongs to the family 88 of GT 
and based Carbohydrate-Active enzymes Database (http://www.cazy.org) it likely acts on (1- 4)- 
α-D- glycosidic linkages. In addition, UGT71C is also an α-D- glucosyltransferase which suggest 
the α-(1, 4)-glycosidic linkages in galacturonic acid backbone of pectin is likely a good substrate 
for these enzymes. Moreover, Galacturonosyltransferase-Like (GATL) gene family in 
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Arabidopsis has been shown to be implicated in biosynthesis of a particular sub fraction of pectin 
(Persson et al., 2007). Therefore, the GATL7 induction together with UGT88A1 and UGT71C 
suggest that pectin biosynthesis increases in response to CBI-15 application and this result was in 
agreement with the study of Sabba and Vaughn (1999) in which the Tobacco cells were 
habituated to isoxaben and they produced a cell wall where cellulose was replaced by pectin. In 
addition, Bischof and his associates (2009) used the CBI thaxtomin A, on Arabidopsis seedlings 
and their results also revealed the enhancement of pectin in response to cellulose disruption. The 
pectin is an important component the cell wall matrix and plays a vital role in wall integrity 
maintenance. Finally both alpha-l-arabinofuranosidase/beta-d-xylosidase and β-xylosidase are 
associated with xyloglucan degradation. Xyloglucan is a large molecule that is tightly cross-
linked to cellulose microfibrils. Since cellulose biosynthesis is disrupted by CBI, fragmented 
xyloglucans might be more useful for reattaching to the newly synthesized microfibrils. Our 
findings for CBI-15 indicate a likely increase in pectin biosynthesis and xyloglucan 

















Table 5. The cell wall-related induced genes by CBI-15 
Affy ID AGI ID FC Annotation  
 
Structural proteins-related 
266393_at At2g41260 3.31 ATM17_M17__glycine-rich protein / late 
embryogenesis abundant protein (M17) 
248050_at At5g56100 1.76 glycine-rich protein / oleosin 
264977_at At1g27090 1.74 glycine-rich protein 
254667_at At4g18280 1.43 glycine-rich cell wall protein-related 
245688_at At1g28290 1.38 AGP31__arabinogalactan protein 31 
247638_at At5g60490 2.00 FLA12__FASCICLIN-like 
arabinogalactan-protein 12 
257974_at At3g20820 1.55 Leucine-rich repeat (LRR) family protein 
264894_at At1g23040 1.51 hydroxyproline-rich glycoprotein family 
protein 
247762_at At5g59170 1.45 Proline-rich extensin-like family protein 
248590_at At5g49660 1.44 Leucine-rich repeat transmembrane protein 
kinase family protein 
256825_at At3g22120 1.37 CWLP__cell wall-plasma membrane linker 
protein 
258327_at At3g22640 2.47 PAP85__cupin family protein 
245478_at At4g16130 1.32 ARA1_ATISA1_ISA1__arabinose kinase 
GT- family 
257205_at At3g16520 2.16 UGT88A1__UDP-glucosyl transferase 
88A1 
248185_at At5g54060 1.54 UF3GT__UDP-glucose:flavonoid 3-o-
glucosyltransferase 
256033_at At1g07250 1.38 UGT71C4__UDP-glucosyl transferase 
71C4 
248563_at At5g49690 1.32 UDP-Glycosyltransferase superfamily 
protein 
Expansin family 
255822_at At2g40610 1.72 ATEXP8_ATEXPA8_ATHEXP ALPHA 
1.11_EXP8_EXPA8__expansin A8 







262230_at At1g68560 2.33 bifunctional alpha-l-
arabinofuranosidase/beta-d-xylosidase that 
belongs to family 3 of glycoside hydrolases 
260914_at At1g02640 1.70 ATBXL2_BXL2__beta-xylosidase 2 
266340_at At2g01480 1.51 O-fucosyltransferase family protein 
Pectin Modulation 























3.3.2 CBI-15 Down-regulated genes 
Ninety-nine genes were repressed by CBI-15 with a FC < 0.5 and 1.64 delta value. Based 
on our results, the down-regulated genes were categorized into six main groups including genes 
which are involved in wall biogenesis, defense mechanism, proteins with unknown function, root 
hair-like proteins, phloem proteins, and other biological process (Figure 14B, Table 20, 
Appendix). 
Furthermore, the cell wall-related genes were divided into three subgroups of wall 
structural proteins, xyloglucan endotransglucosylase/hydrolase and other wall modulating 
enzymes (Table 6). The proline-rich protein (PRP) group was the most abundant repressed wall 
structural genes.PRPs have been shown to be involved in plant defense system against pathogens 
and physical damage as well as having a function in determining cell wall structure (Fowler et al, 
1999). In addition, XTH12, 13 and 14, three xyloglucan endotransferases/hydrolases and a 
xylogalactosyltransferase of exostosin family were also down-regulated. These results together 
with the result from xyloglucan-related induced genes shows that there is a drop off in genes 
which are involved in xyloglucan biosynthesis and modulation. The proposed xyloglucan 
reduction could indicate that xyloglucan biosynthesis might be a possible site of action for CBI-
15. Aside from xyloglucan down-regulation, the down-regulation of EXP18, glucosyl hydrolases 
and BGLU34 and 32 and a pectin methyl esterase inhibitor protein provide alternatives for the 
response toward CBI-15. The repression of glucosyl hydrolases together with β- glucosidases 
seems a logical reaction to the CBI, in order to avoid additional cellulose degradation. 
Furthermore, the repression of methyl esterase inhibitor in conjuctions with an up-regulation of 
enzymes involved in pectin biosynthesis implies that the cell wall compensates for the decrease 
in cellulose by adding cell wall matrix components.  
Finally, peroxidase superfamily proteins which are located in the endomembrane or cell 
wall were significantly down-regulated. Peroxidases are considered as bifunctional in response to 
oxidative stress response and as enzymes that possibly have a role in wall tightening process 
such as lignifications (Mader and Fussl, 1982; Marjamaa et al, 2006).  The suppression of these 
peroxidases implies that lignin production is not a compensatory mechanism in response to CBI-
15. The abundance of down-regulated cell wall related genes in this study suggests that down-
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regulated genes should be taken to consideration as much as the up-regulated genes for 





























Figure 14. CBI-15 regulated genes based on the known function of each gene in the literature, 
TAIR functional categorization, and BAR Classification Super Viewer. A: up-regulated genes 
































Table 6. The down-regulated genes by CBI-15 which are implicated in cell wall restructuring 
Affy ID AGI ID FC Annotation  
Structural Proteins 
251226_at At3g62680 0.239 ATPRP3_PRP3__proline-rich protein 3 
251842_at At3g54580 0.278 Proline-rich extensin-like family protein 
263552_x_at At2g24980 0.342 Proline-rich extensin-like family protein 
250683_x_at At5g06640 0.348 Proline-rich extensin-like family protein 
251843_x_at At3g54590 0.355 ATHRGP1_HRGP1__hydroxyproline-
rich glycoprotein 
263376_at At2g20520 0.286 FLA6__FASCICLIN-like 
arabinogalactan 6 
252833_at At4g40090 0.320 AGP3__arabinogalactan protein 3 
263566_at At2g15340 0.356 glycine-rich protein 
XTH Family 
254044_at At4g25820 0.329 ATXTH14_XTH14_XTR9__xyloglucan 
endotransglucosylase/hydrolase 14 
247871_at At5g57530 0.469 AtXTH12_XTH12__xyloglucan 
endotransglucosylase/hydrolase 12 
247914_at At5g57540 0.492 AtXTH13_XTH13__xyloglucan 
endotransglucosylase/hydrolase 13 
Other Cell Wall enzymes 
261099_at At1g62980 0.335 ATEXP18_ATEXPA18_ ALPHA 
1.25_EXP18_EXPA18__expansin A18 
251761_at At3g55700 0.449 UDP-Glycosyltransferase superfamily 
protein 
249287_at At5g41250 0.345 Exostosin family protein (Putative 
glycosyltransferase) 
265118_at At1g62660 0.412 Glycosyl hydrolases family 32 protein 
250488_at At5g09700 0.500 Glycosyl hydrolase family protein 
262427_s_at At1g47600 At1g51470 0.421 BGLU34_TGG4__beta glucosidase 34 
249744_at At5g24550 0.485 BGLU32__beta glucosidase 32 
264500_at At1g09370 0.269 Plant invertase/pectin methylesterase 






3.3.3 CBI-18 up-regulated genes 
The pattern of up-regulated genes by CBI-18 is very similar to CBI-15. A total of 27% of 
the up-regulated genes were related to those typically associated with stress responses (Figure 
15A and Table 21, Appendix). Approximately 17% of stress related genes were of the HSP 
superfamily including HSP17, 18, and several members of the HSP20 family. Like with CBI-15, 
the second major up-regulated group was the group of unknown proteins including hypothetical 
proteins, unknown proteins, and proteins with unknown function or domains (16%). Other 
induced genes were implicated in electron transport and energy pathways, protein metabolism, 
cell wall biogenesis and other biological process.  
Further analysis of each cell wall-related gene has revealed that many are up-regulated by 
fold change < 2. Table 7 shows the different cell wall-related transcripts which were induced by 
CBI-18 (1.3 fold change). Further, the induced cell wall-related genes were categorized into five 
groups. The majority of elevated transcripts were wall structural proteins such as glycine-rich 
proteins, leucine-rich repeat proteins, arabinogalactan, hydroxyproline-rich glycoproteins, 
PAP85, cell wall-plasma membrane linker protein, and two leucine-rich repeated-like and 
transmembrane kinases. PAP85 is a cell wall-type with a nutrient reservoir activity (TAIR: 
AT3G22640) and is involved in an unknown biological process. This gene was highly induced 
by CBI-15, CBI-18 and Isoxaben and was decided for GeneCAT co-expression analysis. The co-
expression study for this gene has revealed that PAP85 is highly co-expressed with glycine-rich 
proteins across available microarray data (Figure 15). In addition, glycine-rich proteins were the 
most abundant up-regulated wall structural genes in CBI-18 study as well as CBI-15 and our 
results suggest a functional link between PAP85 and GRPs. 
In addition to the similarities outlined above between CBI-15 and CBI-18 treatment, the 
majority of glycosyltransferases induced by CBI-18 are α- D- glycosyltransferases and putative 
enzymes for pectin biosynthesis. Thus enhanced pectin biosynthesis appears to be a key response 
to CBIs. However like CBI-15 xyloglucan seems to be more fragmented. The smaller pieces of 
xyloglucan might be more constructive once cellulose microfibrils are destroyed by CBIs. 
Furthermore, the induced glycosyl hydrolases belong to different super families (17, 31, and 9) 
and are active on various substrates such as callose, xylose, cellulose, and cellobiose. The major 
role of this family is to degrade wall polysaccharides; nevertheless the multi-functionality and 
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diverse range of their substrate suggest that they might have an unknown compensatory role in 


























Table 7. The cell wall-related induced genes by CBI- 18 considering a 1.3 fold change 
Affy ID Gene ID FC Annotation 
Cell Wall-Related 
Structural Proteins 
265511_at At2g05540 3.083 Glycine-rich protein family 
252957_at At4g38680 1.803 ATCSP2_CSDP2_CSP2_GRP2__glycine 
rich protein 2 
248050_at At5g56100 1.465 glycine-rich protein / oleosin 
264977_at At1g27090 1.382 glycine-rich protein 
254667_at At4g18280 1.371 glycine-rich cell wall protein-related 
257974_at At3g20820 1.727 Leucine-rich repeat (LRR) family protein 
245166_at At2g33170 1.407 Leucine-rich repeat receptor-like protein 
kinase family protein 
248590_at At5g49660 1.401 Leucine-rich repeat transmembrane 
protein kinase family protein 
245318_at At4g16980 1.340 arabinogalactan-protein family 
258535_at At3g06750 1.337 hydroxyproline-rich glycoprotein family 
protein 
247958_at At5g57070 1.312 hydroxyproline-rich glycoprotein family 
protein 
256825_at At3g22120 1.558 CWLP__cell wall-plasma membrane 
linker protein 
258327_at At3g22640 2.181 PAP85__cupin family protein 
GT-Family 
257205_at At3g16520 2.109 UGT88A1__UDP-glucosyl transferase 
88A1 
248185_at At5g54060 1.528 UF3GT__UDP-glucose:flavonoid 3-o-
glucosyltransferase 
258167_at At3g21560 1.471 UGT84A2__UDP-Glycosyltransferase 
superfamily protein 
246468_at At5g17050 1.387 UGT78D2__UDP-glucosyl transferase 
78D2 





252320_at At3g48580 2.701 XTH11__xyloglucan 
endotransglucosylase/hydrolase 11 
262230_at At1g68560 2.109 ATXYL1_TRG1_XYL1__alpha-
xylosidase 1 
248622_at At5g49360 1.931 ATBXL1_BXL1__beta-xylosidase 1 
260914_at At1g02640 1.626 ATBXL2_BXL2__beta-xylosidase 2 
247266_at At5g64570 1.556 ATBXL4_XYL4__beta-D-xylosidase 4 
GH-Family 
247845_at At5g58090 1.360 O-Glycosyl hydrolases family 17 protein 
247298_at At5g63840 1.331 PSL5_RSW3__Glycosyl hydrolases 
family 31 protein 
258512_at At3g06510 1.513 ATSFR2_SFR2__Glycosyl hydrolase 
superfamily protein 
260181_at At1g70710 1.436 ATGH9B1_CEL1_GH9B1__glycosyl 
hydrolase 9B1 
Other 
255822_at At2g40610 1.589 ATEXP8_ATEXPA8_ATHEXP ALPHA 
1.11_EXP8_EXPA8__expansin A8 
262118_at At1g02850 1.447 BGLU11__beta glucosidase 11 
265051_at At1g52100 1.431 Mannose-binding lectin superfamily 
protein 
258369_at At3g14310 1.395 ATPME3_PME3__pectin methylesterase 
3 








Figure 15. The co-expressed gene network for PAP85 for CBI-15 and 18. The network is created 
using the GeneCAT Co-expression analysis tool. The blue box shows the bait for the co-















3.3.4 CBI-18 Down-regulated genes 
The down-regulated genes by CBI-18 were categorized into 7 groups including cell wall-
related, defense mechanism, root hair specific, cysteine/histidine C1 domain, major facilator 
superfamily (involve in transmembrane transport activity), unknown proteins, and other 
biological process (Figure 15B, Table 22, Appendix). Amongst the stress-related genes, 
peroxidases were significantly repressed. Moreover, some root hair specific genes have been 
reported to be involved in response to stress (Cho and Cosgrove, 2002; Won et al., 2009). 
Therefore this group could be merged with the defense mechanism group. 
The cell wall-related repressed genes were classified into eight groups including 
structural proteins, protein kinases, expansin, XTH, GT, GH, COBRA-like families, and other 
wall-related enzymes and inhibitors (Table 8). Like CBI-15 the proline-rich proteins were the 
most abundant down-regulated genes amongst structural proteins. Surprisingly, seven genes 
belong to leucine-rich repeat protein kinase superfamily were down-regulated by CBI-18. 
Studies have been shown that these groups of kinases are involved in cell wall functionality but 
their precise role remains to be elucidated (Xu et al, 2008). 
Several members of the expansin family were also repressed by CBI-18. In this study 6 
expansin family members were regulated by CBI-18 with a down-regulation of EXPA18, 7, 12, 
11, and EXP-like A2 and up-regulation of EXPA8. Therefore, they are mostly repressed rather 
than induced and this finding indicates that the reduction of wall loosening by expansins might 
be a likely response to CBI treatment. Besides, five different xyloglucan 
endotransglucosylase/hydrolases (XTHs) were repressed by CBI-18 including XTH14, 26, 13, 
12, and 20 implicating these as an additional site of action for this CBI or reduction of 
xyloglucan modulation or synthesis.  
Furthermore, two COBRA-like genes COBL-9 and 2 were repressed by 0.4 and 0.7 fold 
change. COBRA-like proteins has been proposed to have a potential function in cellulose 
biosynthesis (Dai et al., 2011). Lastly, several members of GT and GH families were repressed 
by CBI-18. The majority of GT families are likely to be active on xylose-involved linkage, 







Figure 16. CBI-18 regulated genes based on declared function of each gene in the literature, 
TAIR functional categorization, and BAR Classification Super Viewer. A: up-regulated genes 
































Table 8. The down-regulated genes by CBI-18 considering a 0.7 fold change 
Affy ID Gene ID FC Annotation 
Cell Wall-related 
Structural Proteins 
251226_at At3g62680 0.234 ATPRP3_PRP3__proline-rich protein 3 
251842_at At3g54580 0.268 Proline-rich extensin-like family protein 
250683_x_at At5g06640 0.296 Proline-rich extensin-like family protein 
263552_x_at At2g24980 0.305 Proline-rich extensin-like family protein 
250682_x_at At5g06630 0.343 proline-rich extensin-like family protein 
265169_x_at At1g23720 0.523 Proline-rich extensin-like family protein 
251843_x_at At3g54590 0.294 ATHRGP1_HRGP1__hydroxyproline-
rich glycoprotein 
253800_at At4g28160 0.541 hydroxyproline-rich glycoprotein family 
protein 
263376_at At2g20520 0.272 FLA6__FASCICLIN-like 
arabinogalactan 6 
252833_at At4g40090 0.286 AGP3__arabinogalactan protein 3 
263566_at At2g15340 0.362 glycine-rich protein 
        Protein kinase            
253569_at At4g31250 0.451 Leucine-rich repeat protein kinase 
family protein 
246375_at At1g51830 0.494 Leucine-rich repeat protein kinase 
family protein 
263232_at At1g05700 0.494 Leucine-rich repeat transmembrane 
protein kinase protein 
252452_at At3g47110 0.636 Leucine-rich repeat protein kinase 
family protein 
246373_at At1g51860 0.663 Leucine-rich repeat protein kinase 
family protein 
266785_at At2g28970 0.678 Leucine-rich repeat protein kinase 
family protein 
246368_at At1g51890 0.742 Leucine-rich repeat protein kinase 
family protein 
Expansin Family 





259525_at At1g12560 0.331 ATEXP7_ATEXPA7_ATHEXP 
ALPHA 
1.26_EXP7_EXPA7__expansin A7 
252997_at At4g38400 0.684 ATEXLA2_ATEXPL2_ATHEXP 
BETA 2.2_EXLA2_EXPL2__expansin-
like A2 
258388_at At3g15370 0.701 ATEXP12_ATEXPA12_ATHEXP 
ALPHA 
1.24_EXP12_EXPA12__expansin 12 




254044_at At4g25820 0.362 ATXTH14_XTH14_XTR9__xyloglucan 
endotransglucosylase/hydrolase 14 
253763_at At4g28850 0.370 ATXTH26_XTH26__xyloglucan 
endotransglucosylase/hydrolase 26 
247914_at At5g57540 0.377 AtXTH13_XTH13__xyloglucan 
endotransglucosylase/hydrolase 13 
247871_at At5g57530 0.432 AtXTH12_XTH12__xyloglucan 
endotransglucosylase/hydrolase 12 
248732_at At5g48070 0.755 ATXTH20_XTH20__xyloglucan 
endotransglucosylase/hydrolase 20 
GH Family 
254540_s_at At4g19770 At4g19800 0.385 Glycosyl hydrolase family protein with 
chitinase insertion domain 
250488_at At5g09700 0.439 Glycosyl hydrolase family protein 
255054_s_at At4g09740 At4g23560 0.587 AtGH9B14_GH9B14__glycosyl 
hydrolase 9B14 
265118_at At1g62660 0.705 Glycosyl hydrolases family 32 protein 
GT Family 
251761_at At3g55700 0.539 UDP-Glycosyltransferase superfamily 
protein 
266669_at At2g29750 0.629 UGT71C1__UDP-glucosyl transferase 
71C1 
258143_at At3g18170 0.649 Glycosyltransferase family 61 protein 




248652_at At5g49270 0.487 COBL9__COBRA-like 9 extracellular 
glycosyl-phosphatidyl inositol-anchored 
family 
245228_at At3g29810 0.739 COBL2__COBRA-like protein 2 
precursor 
Other Enzymes and Inhibitors 
261157_at At1g34510 0.289 Peroxidase superfamily protein 
249287_at At5g41250 0.294 Exostosin family protein 
262427_s_at At1g47600 At1g51470 0.369 BGLU34_TGG4__beta glucosidase 34 
262198_at At1g53830 0.625 ATPME2_PME2__pectin 
methylesterase 2 
249518_at At5g38610 0.626 Plant invertase/pectin methylesterase 
inhibitor superfamily protein 
264500_at At1g09370 0.661 Plant invertase/pectin methylesterase 



















3.3.5 CBI-22 up-regulation genes 
 A total of 76 genes were induced by CBI-22 and categorized into six groups including 
genes involved in defence mechanisms, cell wall biogenesis, protein metabolism, energy 
pathways, unknown proteins, and other biological process (Figure 16A). Approximately 32% of 
the up-regulated genes were implicated in plant defence mechanisms. Surprisingly, the number 
of HSPs was increased to 46% of stress related genes including members of the HSP17, 18, 20, 
21, 22, and 70 families (Table 23). In addition, similar to CBI-18, galactinol synthase 1, a 
glycosyl transferase gene belonging to group B of the GT8 superfamily is highly up-regulated by 
CBI-22. This enzyme has been shown to be involved in activating the raffinose synthesis 
pathway (Taji et al., 2002). Moreover, there is a similarity between the glycosidic linkage in 
raffinose and cellulose and this fact suggests a possible alternative role in transferring glucose for 
cellulose synthesis to compensate for reduced cellulose synthase activity in response to CBI 
application. It seems that CBI-18 and CBI-22 cause an osmotic-like stress in the cell wall, since 
the raffinose family are considered as osmoprotectant and mostly induced in response to osmotic 
stress (Taji et al., 2002). 
The cell wall-related gene expression changes in CBI-22 treated seedlings were 
comparable to those of CBI-15 and 18 treated seedlings. The wall structural proteins and GT 
family were the most abundant groups, respectively (Table 9). Although a large number of these 
GTs turn out to be flavonol-O-glycosyltransferases, the possibility of their involvement in wall 
polysaccharide synthesis remains to be elucidated. Additionally, the ROOT SWOLLEN 3 gene, 
RSW3, was slightly induced by CBI-22. RSW3 loss-of-function phenotypes include a swollen 
root and reduced cellulose; leading to the conclusion that RSW3 is involved in cellulose 
biosynthesis. The transcript elevation of RSW3 by CBI-18 suggests that the RSW3 is likely to be 








Table 9. The up-regulated cell wall-related genes by CBI-22, by 1.3 fold change or more 
Cell Wall 
Structural Protein & Kinases 
265511_at At2g05540 2.729 Glycine-rich protein family 
266393_at At2g41260 2.573 ATM17_M17__glycine-rich protein / late 
embryogenesis abundant protein (M17) 
252957_at At4g38680 1.785 ATCSP2_CSDP2_CSP2_GRP2__glycine 
rich protein 2 
264977_at At1g27090 1.373 glycine-rich protein 
257974_at At3g20820 1.563 Leucine-rich repeat (LRR) family protein 
261266_at At1g26770 1.301 ATEXP10_EXPA10__expansin A10 
245318_at At4g16980 1.379 arabinogalactan-protein family 
256825_at At3g22120 1.569 CWLP-cell wall-plasma membrane linker 
protein 
  Protein Kinases  
252450_s_at At3g47090 At3g47580 1.683 Leucine-rich repeat protein kinase family 
protein 
248590_at At5g49660 1.483 Leucine-rich repeat transmembrane 
protein kinase family protein 
259558_at At1g21230 1.994 WAK5__wall associated kinase 5 
GT Family 
257205_at At3g16520 2.054 UGT88A1__UDP-glucosyl transferase 
88A1 
246468_at At5g17050 1.411 UGT78D2__UDP-glucosyl transferase 
78D2 
258167_at At3g21560 1.393 UGT84A2__UDP-Glycosyltransferase 
superfamily protein 
256033_at At1g07250 1.369 UGT71C4__UDP-glucosyl transferase 
71C4 
264873_at At1g24100 1.305 UGT74B1__UDP-glucosyl transferase 
74B1 
248185_at At5g54060 1.600 UF3GT__UDP-glucose:flavonoid 3-o-
glucosyltransferase 




248622_at At5g49360 1.652 ATBXL1_BXL1__beta-xylosidase 1 
260914_at At1g02640 1.421 ATBXL2_BXL2__beta-xylosidase 2 
260181_at At1g70710 1.507 ATGH9B1_CEL1_GH9B1__glycosyl 
hydrolase 9B1/ cellulase 
247298_at At5g63840 1.310 PSL5_RSW3__Glycosyl hydrolases 
family 31 protein 
























3.3.6 CBI-22 Down-regulated genes 
The repressed genes by CBI-22 were classified into five groups including genes involved 
in defense mechanisms, cell wall, root hair, cysteine/histidine-rich C1 domain, and other 
biological process (Figure 16B). The majority of the repressed stress-related genes turn out to be 
peroxidases (Table 24). The frequency of peroxidases being down-regulated was also in 
agreement by CBI-15 and 18. 
Table 10 indicates the down-regulated cell wall related genes by CBI-22, by at least 0.7 
fold. Like CBI-15 and 18, structural proteins, especially the proline-rich and leucine-rich repeat 
proteins, were highly enriched. Moreover, the repression of several families of GT, GH, XTH, 
and expansins was also noticeable. The transcriptomes that were affected by CBI-22 was 
comparable to those affected by CBI-15 and 18, specifically, expansin family 18 and XTH 
family 12, 13, 14 were suppressed by all three CBIs. These findings show that several structural 
proteins and enzymes which are involved in wall restructuring, are down-regulated by CBI-22. 
Interestingly, similar to CBI-18, the down-regulation of COBRA-like 9 also occurred and 

















Figure 17. CBI-22 regulated genes based on declared function of each gene in the literature, 
TAIR functional categorization, and BAR Classification Super Viewer. A: up-regulated genes 
































251226_at At3g62680 0.271 ATPRP3_PRP3__proline-rich protein 3 
251842_at At3g54580 0.290 Proline-rich extensin-like family protein 
263552_x_at At2g24980 0.397 Proline-rich extensin-like family protein 
250683_x_at At5g06640 0.435 Proline-rich extensin-like family protein 
265169_x_at At1g23720 0.635 Proline-rich extensin-like family protein 
251843_x_at At3g54590 0.427 ATHRGP1_HRGP1__hydroxyproline-
rich glycoprotein 
253800_at At4g28160 0.542 hydroxyproline-rich glycoprotein family 
protein 
253569_at At4g31250 0.446 Leucine-rich repeat protein kinase 
family protein 
246375_at At1g51830 0.589 Leucine-rich repeat protein kinase 
family protein 
252452_at At3g47110 0.648 Leucine-rich repeat protein kinase 
family protein 
246373_at At1g51860 0.659 Leucine-rich repeat protein kinase 
family protein 
247383_at At5g63410 0.689 Leucine-rich repeat protein kinase 
family protein 
263376_at At2g20520 0.263 FLA6__FASCICLIN-like 
arabinogalactan 6 
249037_at At5g44130 0.610 FLA13__FASCICLIN-like 
arabinogalactan protein 13 precursor 
252833_at At4g40090 0.376 AGP3__arabinogalactan protein 3 
263566_at At2g15340 0.359 glycine-rich protein 
Expansin Family 
261099_at At1g62980 0.293 ATEXP18_ATEXPA18_ATHEXP 
ALPHA 
1.25_EXP18_EXPA18__expansin A18 









253763_at At4g28850 0.413 ATXTH26_XTH26__xyloglucan 
endotransglucosylase/hydrolase 26 
247914_at At5g57540 0.423 AtXTH13_XTH13__xyloglucan 
endotransglucosylase/hydrolase 13 
254044_at At4g25820 0.437 ATXTH14_XTH14_XTR9__xyloglucan 
endotransglucosylase/hydrolase 14 
247871_at At5g57530 0.546 AtXTH12_XTH12__xyloglucan 
endotransglucosylase/hydrolase 12 
248732_at At5g48070 0.757 ATXTH20_XTH20__xyloglucan 
endotransglucosylase/hydrolase 20 
GT Family 
251761_at At3g55700 0.479 UDP-Glycosyltransferase superfamily 
protein 
266669_at At2g29750 0.593 UGT71C1__UDP-glucosyl transferase 
71C1 
256252_at At3g11340 0.728 UDP-Glycosyltransferase superfamily 
protein 
255622_at At4g01070 0.751 GT72B1_UGT72B1__UDP-
Glycosyltransferase superfamily protein 
245056_at At2g26480 0.736 UGT76D1__UDP-glucosyl transferase 
76D1 
247753_at At5g59070 0.751 UDP-Glycosyltransferase superfamily 
protein 
247186_at At5g65470 0.733 O-fucosyltransferase family protein 
PME Inhibitor 
264500_at At1g09370 0.479 Plant invertase/pectin methylesterase 
inhibitor superfamily protein 
252437_at At3g47380 0.706 Plant invertase/pectin methylesterase 
inhibitor superfamily protein 
249518_at At5g38610 0.732 Plant invertase/pectin methylesterase 
inhibitor superfamily protein 
255695_at At4g00080 0.756 UNE11__Plant invertase/pectin 





250488_at At5g09700 0.562 Glycosyl hydrolase family protein 
265118_at At1g62660 0.634 Glycosyl hydrolases family 32 protein 
259442_at At1g02310 0.713 MAN1__Glycosyl hydrolase 
superfamily protein 
262427_s_at At1g47600 At1g51470 0.392 BGLU34_TGG4__beta glucosidase 34 
267388_at At2g44450 0.684 BGLU15__beta glucosidase 15 
251427_at At3g60130 0.769 BGLU16__beta glucosidase 16 
























3.3.7 CBI-27 up-regulated genes 
The up-regulation pattern by CBI-27 was slightly different than other CBIs (Table 25, 
Appendix). Twenty five percent of the induced genes were implicated in defense mechanisms. 
However unlike CBI-15, 18, and 22 only one gene, HSP40, was decreased. Other up-regulated 
genes were mostly involved in electron transport and energy pathways, unknown proteins, and 
cell wall biogenesis (Figure 19A).   
Table 11 shows the induced cell wall–related genes by CBI-27 by at least 1.3 fold. Unlike 
CBI-15, 18, and 22, fewer glycine-rich family member genes were affected by CBI-27. 
However, a few genes like arabinogalactan and cell wall-plasma membrane linker are induced 
which was consistent with other CBIs. Moreover, up-regulation of leucine-rich receptor-like 
protein kinase and a wall associated kinase, WAK5, suggests that the signal transduction 
pathways are implicated in wall reassembly. The expression pattern for other cell wall related 
genes such as GH and XTH were somewhat different from CBI-15, 18, and 22 , but the pattern 
for GT family members was similar to the other CBIs. 
Interestingly, a wall-associated kinase (WAK5) is highly expressed by CBI-27 as well as 
CBI-22. In order to investigate how WAK5 is expressed among available microarray data, the 
log spot history of ProbeSet 259558_at (which corresponds to WAK5) was prepared using spot 
history tool box of NASC's International Affymetrix Service (Figure 18). The spot history study 
revealed that WAK5 has a tendency to be poorly express across Affymetrix data, as the highest 
frequency is in the 0-0.1 range. Surprisingly, WAK5 is highly expressed in this study by almost 
2 FC. Based on this result, it is likely that the induction of WAK5 is a very specific response to 









Table 11. The up-regulated cell wall-related genes by CBI-27, considering a 1.3 fold change 
Cell Wall 
Structural Proteins 
265511_at At2g05540 2.577 Glycine-rich protein family 
266393_at At2g41260 2.508 ATM17_glycine-rich protein / late 
embryogenesis abundant protein 
257974_at At3g20820 1.787 Leucine-rich repeat (LRR) family 
protein 
245318_at At4g16980 1.578 arabinogalactan-protein family 
245688_at At1g28290 1.390 AGP31__arabinogalactan protein 31 
256825_at At3g22120 1.841 CWLP__cell wall-plasma membrane 
linker protein 
266950_at At2g18910 1.383 hydroxyproline-rich glycoprotein 
family protein 
Cell wall-related Kinase 
259558_at At1g21230 1.907 WAK5__wall associated kinase 5 
257297_at At3g28040 2.416 Leucine-rich receptor-like protein 
kinase family protein 
245166_at At2g33170 1.553 Leucine-rich repeat receptor-like 
protein kinase family protein 
248590_at At5g49660 1.500 Leucine-rich repeat transmembrane 
protein kinase family protein 
GT Family 
257205_at At3g16520 2.114 UGT88A1__UDP-glucosyl transferase 
88A1 
246468_at At5g17050 1.528 UGT78D2__UDP-glucosyl transferase 
78D2 
265197_at At2g36750 1.463 UGT73C1__UDP-glucosyl transferase 
73C1 
256033_at At1g07250 1.348 UGT71C4__UDP-glucosyl transferase 
71C4 
Cell Wall Modulation-Related Enzymes 
262844_at At1g14890 1.785 Plant invertase/pectin methylesterase 
inhibitor superfamily protein 




247266_at At5g64570 1.594 ATBXL4_XYL4__beta-D-xylosidase 
4 
261518_at At1g71695 1.490 Peroxidase superfamily protein 
260181_at At1g70710 1.460 ATGH9B1_CEL1_GH9B1__glycosyl 
hydrolase 9B1 
252607_at At3g44990 1.398 ATXTR8_XTH31_XTR8__xyloglucan 
endo-transglycosylase-related 8 
250272_at At5g13000 1.346 ATGSL12_gsl12_GSL12__glucan 
synthase-like 12 
262118_at At1g02850 1.340 BGLU11__beta glucosidase 11 























Figure 18. Log spot history plot for WAK5. The x axis indicates the log signal value of WAK5 
across available microarray data and the Y axis shows the number of occurrences on that specific 













3.3.8 CBI-27 Down-regulated genes 
The cell wall, defense mechanism, and root hair specific group of genes were the most 
repressed genes by CBI-27 (Figure 19B). Similar to other CBIs peroxidase family genes were the 
most prominent among the defense mechanism group (Table 26, Appendix). 
Table 12 shows the down-regulation of wall-related genes by CBI-27 by at least 0.7 fold. 
The wall-related genes were categorized into seven groups including structural genes, expansins, 
GT, GH, and XTH families, protein kinases, and other wall-related enzymes and proteins. The 
proline-rich and arabinogalactan groups were the most strongly repressed genes among wall-
structural genes. All wall-related suppressed genes were otherwise comparable to CBI-15, 18, 
22.    
As with CBI-18 and -22, CBI-27 also down-regulates COBRA-LIKE 9 (COBL9) whose 




















Figure 19. CBI-27 regulated genes based on declared function of each gene in the literature, 
TAIR functional categorization, and BAR Classification Super Viewer. A: up-regulated genes 





























Table 12. The down-regulated cell wall-related genes by CBI-27, allowing for 0.7 fold change  
Affy ID AGI ID FC Annotation 
Cell Wall Biogenesis 
Structural Protein 
251226_at At3g62680 0.247 ATPRP3_PRP3__proline-rich protein 3 
251842_at At3g54580 0.265 Proline-rich extensin-like family protein 
263552_x_at At2g24980 0.399 Proline-rich extensin-like family protein 
250683_x_at At5g06640 0.365 Proline-rich extensin-like family protein 
265169_x_at At1g23720 0.651 Proline-rich extensin-like family protein 
264007_at At2g21140 0.666 ATPRP2_PRP2__proline-rich protein 2 
263376_at At2g20520 0.307 FLA6__FASCICLIN-like 
arabinogalactan 6 
249037_at At5g44130 0.676 FLA13__FASCICLIN-like 
arabinogalactan protein 13 precursor 
252833_at At4g40090 0.289 AGP3__arabinogalactan protein 3 
249375_at At5g40730 0.747 AGP24_ATAGP24__arabinogalactan 
protein 24 
248074_at At5g55730 0.765 FLA1__FASCICLIN-like 
arabinogalactan 1 
248252_at At5g53250 0.767 AGP22_ATAGP22__arabinogalactan 
protein 22 
259915_at At1g72790 0.769 hydroxyproline-rich glycoprotein family 
protein 
251843_x_at At3g54590 0.454 ATHRGP1_HRGP1__hydroxyproline-
rich glycoprotein 
253800_at At4g28160 0.568 hydroxyproline-rich glycoprotein family 
protein 
263566_at At2g15340 0.453 glycine-rich protein 
Expansin Family 
261099_at At1g62980 0.293 ATEXP18_EXP18_EXPA18__expansin 
A18 
259525_at At1g12560 0.386 ATEXP7_EXPA7__expansin A7 
258388_at At3g15370 0.683 ATEXP12_EXP12_EXPA12__expansin 
12 
252997_at At4g38400 0.724 ATEXLA2_EXPL2__expansin-like A2 
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261226_at At1g20190 0.727 ATEXP11_EXP11_EXPA11__expansin 
11 
262427_s_at At1g47600 At1g51470 0.361 BGLU34_TGG4__beta glucosidase 34 
XTH Family 
254044_at At4g25820 0.389 ATXTH14_XTR9_xyloglucan 
endotransglucosylase/hydrolase 14 
247914_at At5g57540 0.443 AtXTH13_XTH13__xyloglucan 
endotransglucosylase/hydrolase 13 
247871_at At5g57530 0.534 AtXTH12_XTH12__xyloglucan 
endotransglucosylase/hydrolase 12 
247866_at At5g57550 0.708 XTH25_XTR3__xyloglucan 
endotransglucosylase/hydrolase 25 
263207_at At1g10550 0.764 XET_XTH33__xyloglucan:xyloglucosyl 
transferase 33 
GT Family 
251761_at At3g55700 0.586 UDP-Glycosyltransferase superfamily 
protein 
266669_at At2g29750 0.630 UGT71C1__UDP-glucosyl transferase 
71C1 
264500_at At1g09370 0.616 Plant invertase/pectin methylesterase 
inhibitor superfamily protein 
259442_at At1g02310 0.617 MAN1__Glycosyl hydrolase 
superfamily protein 
256252_at At3g11340 0.685 UDP-Glycosyltransferase superfamily 
protein 
245544_at At4g15270 0.761 glucosyltransferase-related 
255622_at At4g01070 0.697 GT72B1_UGT72B1__UDP-
Glycosyltransferase superfamily protein 
247186_at At5g65470 0.702 O-fucosyltransferase family protein 
GH Family 
250488_at At5g09700 0.644 Glycosyl hydrolase family protein 
253238_at At4g34480 0.682 O-Glycosyl hydrolases family 17 protein 
265118_at At1g62660 0.744 Glycosyl hydrolases family 32 protein 
247253_at At5g64790 0.754 O-Glycosyl hydrolases family 17 protein 
264685_at At1g65610 0.756 ATGH9A2_KOR2__Six-hairpin 




246375_at At1g51830 0.677 Leucine-rich repeat protein kinase 
family protein 
246373_at At1g51860 0.766 Leucine-rich repeat protein kinase 
family protein 
252452_at At3g47110 0.683 Leucine-rich repeat protein kinase 
family protein 
Other Wall-Related Genes 
267388_at At2g44450 0.644 BGLU15__beta glucosidase 15 
259173_at At3g03640 0.682 BGLU25_GLUC__beta glucosidase 25 
252437_at At3g47380 0.721 Plant invertase/pectin methylesterase 
inhibitor superfamily protein 
249518_at At5g38610 0.753 Plant invertase/pectin methylesterase 
inhibitor superfamily protein 
248652_at At5g49270 0.449 COBL9_COBRA-like extracellular 
glycosyl-phosphatidyl inositol-anchored 
protein family 


















3.3.9 Isoxaben up-regulated genes 
A total of 504 genes were induced by 100nM isoxaben, with 16% and 9% of the genes 
implicated in defense mechanisms and cell wall biogenesis, respectively (Figure 22A and Table 
27, Appendix). 
Table 13 shows the wall-related genes induced by isoxaben. The up-regulated genes were 
categorized into seven groups including protein kinases, structural proteins, pectin-related 
enzyme, xyloglucan-related enzyme, GT, and GH family, and other wall-related genes. All of the 
induced kinases were members of the leucine-rich repeat protein kinase family. A number of 
leucine-rich repeat kinase family has been shown to be involved in regulation of  cell wall 
function (Xu et al, 2008). However the specific role of these kinases still remains to be 
elucidated. These kinases may have a crucial role in cell wall restructuring by regulating the 
biosynthesis and modulation of wall-structural proteins. Various types of wall structural proteins 
were induced by isoxaben such as leucine-rich repeat, glycine-rich, hydroxyproline-rich 
glycoproteins, and arabinogalactan proteins. Besides structural proteins, a variety of wall 
modifying enzymes were also induced by isoxaben including enzymes which are involved in 
biosynthesis and modulation of pectin, xyloglucan, and cellulose. Interestingly, CSLC5, CESA1, 
and CESA5 were induced by 2.9, 1.5, and 1.3 fold, respectively.  The CESA1 is engaged in 
primary cell wall with CESA3 and 6 (Persson et al., 2007). Studies have shown that isoxaben 
destroys the CESA3 and CESA6 activities of CESA complex. CESA1 induction, together with 
CESA5 (which is partially redundant with CESA6) seems to be a compensatory response to 
isoxaben treatment. Moreover, studies have shown that CSL family C is correlated by xyloglucan 
backbone biosynthesis (Cocuron et al, 2007). 
 
3.3.9.1 Co-expression study of wall-related genes 
To investigate the possible network of genes that may cooperate with CESA1 for 
cellulose biosynthesis, a co-expression study, using the geneCAT tool box, was performed 
between the CESA1 and some other wall-related induced genes by isoxaben such as CSLC5, 
GSL3, COBL, GSL12, and CESA5. Figure 20 represents the putative network from this co-
expression analysis. The results from co-expression analysis and the expression tree (Figure 21) 
suggest that CESA1, COBL and CESA5 are highly co-expressed across available microarray data. 
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The correlation between CESA1, 3 and 6 is in agreement with the theory that these CESA 
combinations are essential for primary biosynthesis. However since CESA3 and 6 assumed to be 
the site of action of isoxaben (Scheible et al., 2001), other genes have compensated for their loss. 
CESA5 has shown to functionally redundant to CESA6 and may thus suggest the replacement of 
CESA6 with CESA5 or with a combination of CESA5 and COBL as a backup mechanism. The 
involvement of a nucleotide-sugar transporter and ATBAG1 has also been highlighted in this 
study. The BCL-2 ASSOCIATED-ATHANOGENE1 (BAG1) is assumed to be involved in a 
variety of cellular function but known to be as a regulation factor for heat shock proteins 
(Sondermann et al., 2001). Our results suggest a possible function of the BAG and HSP families 
in response to CBIs and probably in wall biosynthesis or restructuring.  
 
3.3.9.2 Isoxaben-specific expression profiling of genes required in pectin biosynthesis and 
modification 
The investigation for pectin biosynthesis and modulation during isoxaben application 
indicated an overall pectin induction with a preference for acetylated rather than methylated 
pectins. The up-regulation of GAUT15, GATL6, GATL3, and GATL7 genes confirmed the 
induction of pectin biosynthesis; Galacturonosyltransferases (GAUT) family are key enzyme for 
homogalacturonan biosynthesis (Sterling et al., 2006). Moreover, the up-regulation of 
pectinacetylesterase, pectinmethylesterase, and a number of pectinmethylesterase inhibitors 
implies that acetylation is preferable to methylation.  
 
3.3.9.3 Expression profiling of genes required in xyloglucan biosynthesis and modification 
The induction of a variety of XTH family members together with a couple of 
fucosyltransferases and xylosidases could be evidence for high xyloglucan turnover during 
isoxaben application. For example, XTH32 was highly up-regulated (3.2 fold) (Table 13) and 
suggests the important role of this family of enzymes in response to cell wall damage. 
Xyloglucan endotransglucosylase/hydrolases are implicated in cutting and reattaching the 
xyloglucan, whereas fucosyltransferase are implicated in xyloglucan synthesis (Sarria et al., 
2001). Moreover, xylosidases are involved in hydrolyzing the xylose-content component of the 
wall (Timell, 1965; Minic et al., 2004). Chromatography and northern blot studies have been 
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shown that these enzymes are highly expressed and active in wild type plant and carried out a 
vital function in wall modification (Goujan et al., 2003). Together, these results imply that the 

























Table 13. The induced cell wall-related genes by isoxaben 
Cell Wall Biogenesis 
   Protein Kinases 
245130_at At2g45340 3.301 Leucine-rich repeat protein kinase family protein 
257297_at At3g28040 3.160 Leucine-rich receptor-like protein kinase family 
protein 
259848_at At1g72180 3.086 Leucine-rich receptor-like protein kinase family 
protein 
267376_at At2g26330 2.965 ER_QRP1__Leucine-rich receptor-like protein kinase 
family protein 
252272_at At3g49670 2.864 BAM2__Leucine-rich receptor-like protein kinase 
family protein 
253278_at At4g34220 2.630 Leucine-rich repeat protein kinase family protein 
245644_at At1g25320 2.488 Leucine-rich repeat protein kinase family protein 
248908_at At5g45800 2.319 MEE62__Leucine-rich repeat protein kinase family 
protein 
248046_at At5g56040 1.964 Leucine-rich receptor-like protein kinase family 
protein 
250462_at At5g10020 1.743 Leucine-rich receptor-like protein kinase family 
protein 
251714_at At3g56370 1.738 Leucine-rich repeat protein kinase family protein 
Structural Protein 
247087_at At5g66330 3.225 Leucine-rich repeat (LRR) family protein 
261598_at At1g49750 2.903 Leucine-rich repeat (LRR) family protein 
264183_at At1g65380 2.270 AtRLP10_CLV2__Leucine-rich repeat (LRR) family 
protein 
257974_at At3g20820 1.963 Leucine-rich repeat (LRR) family protein 
266393_at At2g41260 3.074 glycine-rich protein / late embryogenesis abundant 
protein (M17) 
265511_at At2g05540 2.617 Glycine-rich protein family 
252957_at At4g38680 2.053 ATCSP2_CSDP2_CSP2_GRP2__glycine rich protein 
2 
263285_at At2g36120 1.898 DOT1__Glycine-rich protein family 
254667_at At4g18280 1.715 glycine-rich cell wall protein-related 
258535_at At3g06750 2.165 hydroxyproline-rich glycoprotein family protein 
89 
 
245229_at At4g25620 2.062 hydroxyproline-rich glycoprotein family protein 
251695_at At3g56590 2.319 hydroxyproline-rich glycoprotein family protein 
266460_at At2g47930 2.101 AGP26_ATAGP26__arabinogalactan protein 26 
245688_at At1g28290 1.929 AGP31__arabinogalactan protein 31 
253957_at At4g26320 1.677 AGP13__arabinogalactan protein 13 
266588_at At2g14890 1.601 AGP9__arabinogalactan protein 9 
245318_at At4g16980 2.334 arabinogalactan-protein family 
256825_at At3g22120 2.016 CWLP-cell wall-plasma membrane linker protein 
250668_at At5g07020 1.720 proline-rich family protein 
Pectin-related enzyme 
250669_at At5g06870 3.927 ATPGIP2_PGIP2__polygalacturonase inhibiting 
protein 2 
254110_at At4g25260 2.523 Plant invertase/pectin methylesterase inhibitor 
superfamily protein 
247478_at At5g62360 2.174 Plant invertase/pectin methylesterase inhibitor 
superfamily protein 
262844_at At1g14890 1.860 Plant invertase/pectin methylesterase inhibitor 
superfamily protein 
246002_at At5g20740 1.743 Plant invertase/pectin methylesterase inhibitor 
superfamily protein 
258369_at At3g14310 1.641 ATPME3_PME3__pectin methylesterase 3 
258750_at At3g05910 1.774 Pectinacetylesterase family protein 
251544_at At3g58790 1.703 GAUT15__galacturonosyltransferase 15 
255506_at At4g02130 1.580 GATL6_LGT10__galacturonosyltransferase 6 
259358_at At1g13250 1.504 GATL3__galacturonosyltransferase-like 3 
251225_at At3g62660 1.471 GATL7__galacturonosyltransferase-like 7 
Xyloglucan-related enzymes 
263841_at At2g36870 3.244 XTH32__xyloglucan endotransglucosylase/hydrolase 
32 
255433_at At4g03210 1.767 XTH9__xyloglucan endotransglucosylase/hydrolase 9 
245325_at At4g14130 1.693 XTH15_XTR7__xyloglucan 
endotransglucosylase/hydrolase 15 




263207_at At1g10550 1.482 XET_XTH33__xyloglucan:xyloglucosyl transferase 33 
245794_at At1g32170 1.436 XTH30_XTR4__xyloglucan 
endotransglucosylase/hydrolase 30 
262842_at At1g14720 1.388 ATXTH28_XTH28_XTR2__xyloglucan 
endotransglucosylase/hydrolase 28 
247866_at At5g57550 1.381 XTH25_XTR3__xyloglucan 
endotransglucosylase/hydrolase 25 
263598_at At2g01850 1.372 ATXTH27_EXGT-A3_XTH27__endoxyloglucan 
transferase A3 
257203_at At3g23730 1.347 XTH16__xyloglucan endotransglucosylase/hydrolase 
16 
256706_at At3g30300 1.648 O-fucosyltransferase family protein 
262025_at At1g35510 1.391 O-fucosyltransferase family protein 
248622_at At5g49360 2.154 ATBXL1_BXL1__beta-xylosidase 1 
247266_at At5g64570 2.019 ATBXL4_XYL4__beta-D-xylosidase 4 
260914_at At1g02640 1.991 ATBXL2_BXL2__beta-xylosidase 2 
GH Family 
267389_at At2g44460 3.070 BGLU28__beta glucosidase 28 
253841_at At4g27830 1.596 BGLU10__beta glucosidase 10 
251428_at At3g60140 1.869 BGLU30_DIN2_SRG2__Glycosyl hydrolase 
superfamily protein 
250444_at At5g10560 2.352 Glycosyl hydrolase family protein 
245408_at At4g17180 2.176 O-Glycosyl hydrolases family 17 protein 
251141_at At5g01075 2.012 Glycosyl hydrolase family 35 protein 
264656_at At1g09010 1.957 glycoside hydrolase family 2 protein 
247845_at At5g58090 1.848 O-Glycosyl hydrolases family 17 protein 
256962_at At3g13560 1.560 O-Glycosyl hydrolases family 17 protein 
GT Family 




2.783 UDP-Glycosyltransferase superfamily protein 
253281_at At4g34138 2.511 UGT73B1__UDP-glucosyl transferase 73B1 




247731_at At5g59590 2.444 UGT76E2__UDP-glucosyl transferase 76E2 
261046_at At1g01390 2.408 UDP-Glycosyltransferase superfamily protein 
258167_at At3g21560 2.358 UGT84A2__UDP-Glycosyltransferase superfamily 
protein 
263847_at At2g36970 2.208 UDP-Glycosyltransferase superfamily protein 
260563_at At2g43840 2.081 UGT74F1__UDP-glycosyltransferase 74 F1 
257205_at At3g16520 2.034 UGT88A1__UDP-glucosyl transferase 88A1 
263473_at At2g31750 1.990 UGT74D1__UDP-glucosyl transferase 74D1 
261804_at At1g30530 1.962 UGT78D1__UDP-glucosyl transferase 78D1 
260955_at At1g06000 1.883 UDP-Glycosyltransferase superfamily protein 
267299_at At2g30150 1.851 UDP-Glycosyltransferase superfamily protein 
256746_at At3g29320 1.844 Glycosyl transferase, family 35 
264873_at At1g24100 1.746 UGT74B1__UDP-glucosyl transferase 74B1 
246468_at At5g17050 1.658 UGT78D2__UDP-glucosyl transferase 78D2 
265197_at At2g36750 1.592 UGT73C1__UDP-glucosyl transferase 73C1 
263184_at At1g05560 1.503 UGT1_UGT75B1__UDP-glucosyltransferase 75B1 
255611_at At4g01210 1.487 glycosyl transferase family 1 protein 
Other Wall-related genes 
253533_at At4g31590 2.993 ATCSLC05_ATCSLC5_CSLC05_CSLC5__Cellulose-
synthase-like C5 
250565_at At5g08000 2.146 E13L3_PDCB2__glucan endo-1,3-beta-glucosidase-
like protein 3 
262503_at At1g21670 2.039 Unknown-Plant-type cell wall 
265729_at At2g31960 1.645 ATGSL03_ATGSL3_GSL03_GSL03__glucan 
synthase-like 3 
253428_at At4g32410 1.507 AtCESA1_CESA1_RSW1__cellulose synthase 1 
247552_at At5g60920 1.321 COBRA-like extracellular glycosyl-phosphatidyl 
inositol-anchored protein family 
250272_at At5g13000 1.311 ATGSL12_gsl12_GSL12__GLUCAN SYNTHASE-
like 12 







Figure 20. The co-expression analysis of using GeneCAT tool box. The blue shows the entry 
data. The colors green, yellow, red, and white indicate strongly, moderately, weakly, and 














Figure 21. The co-expression tree is made by GeneCAT tool box for wall-related genes. The 
Pearson correlation coefficient between each of the genes is computed in a pairwise manner. 


















3.3.10 Isoxaben Down-regulated genes 
A total of 631 genes were down-regulated by isoxaben. Significantly down-regulated 
genes were involved in defense mechanisms and cell wall biogenesis in addition to those 
unknown genes (Figure 22B and Table 28, Appendix).   
Table 14 shows the isoxaben repressed wall-related genes. The down-regulated genes 
were categorized into five groups including GH family, protein kinases, GT family, structural 
proteins, and other wall-related genes. A large number of leucine-rich repeat kinases and WALL-
ASSOCIATED KINASES (WAKs) were down-regulated. WAKs have shown to be involved in 
communication between cytoplasm and wall as well as their N-terminus is sometimes bond to 
pectin polymers of the cell wall (Wagner and Kohorn, 2001). Nevertheless the precise role of 
WAKs remains unclear. The results of this study also provide more evidence that WAKs are 
involved in wall integrity maintenance. Our findings may suggest a functional link between 
WAKs and post-translational modification of pectin such as methylation as pectin methylation 
was also suppressed by isoxaben in this study. Further analysis needs to be done to see whether 



















Figure 22. Isoxaben regulated genes based on declared function of each gene in the literature, 
TAIR functional categorization, and BAR Classification Super Viewer. A: up-regulated genes 




























Table 14. The down-regulated wall-related genes by isoxaben, considering a 0.7 fold change  
Cell Wall Biogenesis 
GH Family 
249744_at At5g24550 0.219 BGLU32__beta glucosidase 32 
249743_at At5g24540 0.219 BGLU31__beta glucosidase 31 
251456_at At3g60120 0.251 BGLU27__beta glucosidase 27 
262427_s_at At1g47600 
At1g51470 
0.411 BGLU34_TGG4__beta glucosidase 34 
264685_at At1g65610 0.321 ATGH9A2_KOR2__Six-hairpin glycosidases 
superfamily protein 
247253_at At5g64790 0.239 O-Glycosyl hydrolases family 17 protein 
254536_at At4g19720 0.241 Glycosyl hydrolase family protein with chitinase 
insertion domain 
250488_at At5g09700 0.380 Glycosyl hydrolase family protein 
Protein Kinases 
261394_at At1g79680 0.237 AKL10__WALL ASSOCIATED KINASE (WAK)-
LIKE 10 
257479_at At1g16150 0.250 WAKL4__wall associated kinase-like 4 
261836_at At1g16090 0.262 WAKL7__wall associated kinase-like 7 
261842_at At1g16160 0.269 WAKL5__wall associated kinase-like 5 
261402_at At1g79670 0.381 RFO1_WAKL22__Wall-associated kinase family 
protein 
246368_at At1g51890 0.260 Leucine-rich repeat protein kinase family protein 
260239_at At1g74360 0.262 Leucine-rich repeat protein kinase family protein 
263232_at At1g05700 0.281 Leucine-rich repeat transmembrane protein kinase 
protein 
248916_at At5g45840 0.298 Leucine-rich repeat protein kinase family protein 
261875_at At1g50610 0.313 Leucine-rich repeat protein kinase family protein 
246373_at At1g51860 0.326 Leucine-rich repeat protein kinase family protein 
256170_at At1g51790 0.345 Leucine-rich repeat protein kinase family protein 
252452_at At3g47110 0.367 Leucine-rich repeat protein kinase family protein 
247685_at At5g59680 0.379 Leucine-rich repeat protein kinase family protein 
266785_at At2g28970 0.379 Leucine-rich repeat protein kinase family protein 
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249314_at At5g41180 0.382 leucine-rich repeat transmembrane protein kinase 
family protein 
246375_at At1g51830 0.390 Leucine-rich repeat protein kinase family protein 
246366_at At1g51850 0.397 Leucine-rich repeat protein kinase family protein 
256169_at At1g51800 0.446 Leucine-rich repeat protein kinase family protein 
247197_at At5g65240 0.464 Leucine-rich repeat protein kinase family protein 
265992_at At2g24130 0.475 Leucine-rich receptor-like protein kinase family 
protein 
253569_at At4g31250 0.486 Leucine-rich repeat protein kinase family protein 
GT Family 
247753_at At5g59070 0.258 UDP-Glycosyltransferase superfamily protein 
257950_at At3g21780 0.266 UGT71B6__UDP-glucosyl transferase 71B6 
254575_at At4g19460 0.269 UDP-Glycosyltransferase superfamily protein 
245056_at At2g26480 0.281 UGT76D1__UDP-glucosyl transferase 76D1 
245068_at At2g23260 0.284 UGT84B1__UDP-glucosyl transferase 84B1 
251761_at At3g55700 0.284 UDP-Glycosyltransferase superfamily protein 
258854_at At3g02100 0.349 UDP-Glycosyltransferase superfamily protein 
247922_at At5g57500 0.363 Galactosyltransferase family protein 
251652_at At3g57380 0.387 Glycosyltransferase family 61 protein 
252484_at At3g46690 0.399 UDP-Glycosyltransferase superfamily protein 
251970_at At3g53150 0.408 UGT73D1__UDP-glucosyl transferase 73D1 
262665_at At1g14070 0.253 FUT7__fucosyltransferase 7 
263565_at At2g15390 0.397 atfut4_FUT4__fucosyltransferase 4 
Structural Proteins 
251842_at At3g54580 0.291 Proline-rich extensin-like family protein 
263552_x_at At2g24980 0.369 Proline-rich extensin-like family protein 
250683_x_at At5g06640 0.443 Proline-rich extensin-like family protein 
254229_at At4g23610 0.314 Late embryogenesis abundant (LEA) hydroxyproline-
rich glycoprotein family 
253800_at At4g28160 0.333 hydroxyproline-rich glycoprotein family protein 




263376_at At2g20520 0.253 FLA6__FASCICLIN-like arabinogalactan 6 
252833_at At4g40090 0.319 AGP3__arabinogalactan protein 3 
263566_at At2g15340 0.392 glycine-rich protein 
264500_at At1g09370 0.250 Plant invertase/pectin methylesterase inhibitor 
superfamily protein 
252437_at At3g47380 0.370 Plant invertase/pectin methylesterase inhibitor 
superfamily protein 
249518_at At5g38610 0.406 Plant invertase/pectin methylesterase inhibitor 
superfamily protein 
245151_at At2g47550 0.475 Plant invertase/pectin methylesterase inhibitor 
superfamily 
Other Wall-related genes 
247914_at At5g57540 0.316 AtXTH13_XTH13__xyloglucan 
endotransglucosylase/hydrolase 13 
247871_at At5g57530 0.368 AtXTH12_XTH12__xyloglucan 
endotransglucosylase/hydrolase 12 
251625_at At3g57260 0.329 BG2_BGL2_PR-2_PR2__beta-1,3-glucanase 2 
260492_at At2g41850 0.368 ADPG2_PGAZAT__polygalacturonase abscission 
zone A. thaliana 
267119_at At2g32610 0.457 ATCSLB01_ATCSLB1_CSLB01_CSLB01__cellulose 
synthase-like B1 














3.4 Common gene expression patterns regulated by CBI-15, 18, 22, 27, and isoxaben in A. 
thaliana  
The Venn Selector tool from the Bio-array Resource for Plant Biology revealed that 49 
genes were similarly regulated by all five CBIs; 14 were up-regulated and 35 were down-
regulated (Table 15). It is notable that up and down-regulated genes were linked to defense 
mechanisms and cell wall biogenesis.  In addition, the down-regulation patterns appear to be 
more similar amongst CBIs compared to up-regulation pattern. 
Considering up-regulated genes, heat shock proteins were the major group of stress 
response genes between CBI-15, 18 and 22. HSP17, 18 and especially 20 were enriched by all 
three CBI treatments. CBI-22 also induced HSP70, 18, and 22. These results are in agreement 
with the CBI dendrogram based on similarity of structure in which CBI-15 and 18 are more 
similar to each other compared to CBI-22, while CBI-27 is the most dissimilar of all CBIs 
(Figure 23). Based on the down-regulation patterns, peroxidase superfamily and root hair 
specific genes were abundant amongst suppressed genes by all CBIs. Root hair specific genes are 
diverse and include peroxidases, transferases, transporters, and kinases, but their specific role 
with respect to the cell wall remains unclear. Furthermore, genes involved in plant hormones 
responses including auxin, gibberellins, abscesic acid as well as jasmonate and calcium or 
calmodulin responses were regulated in almost all of the CBIs in this study. The significance of 
this is has yet to be explored. 
All the CBIs in this study also share a common wall-regulation profile. UGT88A1 and 
CWLP were induced by all five CBIs, suggesting an important general role of these two genes in 
wall restructuring. Besides, more wall-related down-regulated genes (PRP, XTH, GH, GT, PMEI, 
and EXP) were observed between CBIs. These findings together with the overlapped induced 








Table 15. The overlapped genes between CBI-15, 18, 22, 27, and isoxaben 
AGI ID Affy ID Annotation 
Up-regulation 
Defense Mechanism 
At2g02120 266141_at LCR70_PDF2.1__Scorpion toxin-like 
knottin superfamily protein 
At4g22870 At4g22880 254283_s_at 2-oxoglutarate (2OG) and Fe(II)-
dependent oxygenase superfamily protein 
At3g16770 258434_at ATEBP_EBP_ERF72_RAP2.3__ethylene-
responsive element binding protein 
At1g23130 264899_at Polyketide cyclase/dehydrase and lipid 
transport superfamily protein 
At3g20820 257974_at Leucine-rich repeat (LRR) family protein 
At5g13930 250207_at ATCHS_CHS_TT4__Chalcone and 
stilbene synthase family protein 
Cell-Wall-Related 
At3g16520 257205_at UGT88A1__UDP-glucosyl transferase 
88A1 
At2g41260 266393_at glycine-rich protein / late embryogenesis 
abundant protein (M17) 
At3g22120 256825_at CWLP__cell wall-plasma membrane 
linker protein 
Other Bilogical Process 
At4g28520 253767_at CRC_CRU3__cruciferin 3 
AtCg00280 245003_at PSBC__photosystem II reaction center 
protein C 
At1g62510 265111_at Bifunctional inhibitor/lipid-transfer 
protein/seed storage 2S albumin 
superfamily protein 
At2g07718 AtMg00590 265233_s_at Cytochrome b/b6 protein 
AtMg00080 AtMg00090 244944_s_at encodes a mitochondrial ribosomal protein 
L16 
Down-regulation 
Cell Wall Biogenesis 
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At2g15340 263566_at glycine-rich protein 
At3g54580 251842_at Proline-rich extensin-like family protein 
At3g54590 251843_x_at ATHRGP1_HRGP1__hydroxyproline-rich 
glycoprotein 
At5g06640 250683_x_at Proline-rich extensin-like family protein 
At2g20520 263376_at FLA6__FASCICLIN-like arabinogalactan 
6 
At1g47600 At1g51470 262427_s_at BGLU34_TGG4__beta glucosidase 34 
At2g24980 263552_x_at Proline-rich extensin-like family protein 
At5g57540 247914_at AtXTH13_XTH13__xyloglucan 
endotransglucosylase/hydrolase 13 
At1g62980 261099_at ATEXP18_ATEXPA18_ATHEXP 
ALPHA 
1.25_EXP18_EXPA18__expansin A18 
At4g40090 252833_at AGP3__arabinogalactan protein 3 
At3g55700 251761_at UDP-Glycosyltransferase superfamily 
protein 
At5g09700 250488_at Glycosyl hydrolase family protein 
At1g09370 264500_at Plant invertase/pectin methylesterase 
inhibitor superfamily protein 
At5g57530 247871_at AtXTH12_XTH12__xyloglucan 
endotransglucosylase/hydrolase 12 
At3g62680 251226_at ATPRP3_PRP3__proline-rich protein 3 
Root Hair Specific 
At4g02270 255516_at RHS13__root hair specific 13 
At4g22080 At4g22090 254338_s_at RHS14__root hair specific 14 
At1g63450 261550_at RHS8__root hair specific 8 
At1g30850 257418_at RSH4__root hair specific 4 
At5g67400 246991_at RHS19__root hair specific 19 
At1g51880 246367_at RHS6__root hair specific 6 
Defense Mechanism 
At1g30870 265102_at Peroxidase superfamily protein 
102 
 
At1g30990 265155_at Polyketide cyclase/dehydrase and lipid 
transport superfamily protein 
At1g34510 261157_at Peroxidase superfamily protein 
At1g05240 At1g05250 264567_s_at Peroxidase superfamily protein 
Other Biological Process 
At2g03720 264029_at MRH6__Adenine nucleotide alpha 
hydrolases-like superfamily protein 
At2g16005 263098_at MD-2-related lipid recognition domain-
containing protein 
At5g41250 249287_at Exostosin family protein 
At2g36020 263950_at HVA22J__HVA22-like protein J 
At1g69240 260344_at ATMES15_MES15_RHS9__methyl 
esterase 15 
At5g05500 250778_at Pollen Ole e 1 allergen and extensin 
family protein 
At5g43030 249185_at Cysteine/Histidine-rich C1 domain family 
protein 
At1g08430 257481_at ALMT1_ATALMT1__aluminum-
activated malate transporter 1 
At1g09380 264505_at nodulin MtN21 /EamA-like transporter 
family protein 















Figure 23. The dendrogram of the CBIs based on similarity of structure which obtained by 
screening a chemical library of substances with root swollen phenotype using Chembridge 
(http://www.chembridge.com). In this dendrogram isoxaben will fit close to CBI-18 based on 







3.5 Transcriptome comparison of isoxaben with CBI-15, 18, 22, and 27 
The regulated genes in each experiment were compared with isoxaben using the Venn 
Selector tool from the Bio-array Analysis for Plant Biology in order to determine the CBI most 
comparable to isoxaben,. The Venn diagram presents the Venn diagram of overlapped regulated 
genes of CBI-15, 18, 22, and 27 with isoxaben (Figure 24). These results indicate that CBI- 22 
with 71% expression pattern similarity is the most comparable CBI with isoxaben. Moreover, a 
new series of analysis was conducted to see whether or not there is a difference between 
individually normalized CBIs and mutually normalized CBIs overlapped genes. The data from 
mutually normalized analysis showed a difference not only in treatment-similarity of expression, 
but in the expression pattern of overlapped genes. Figure 25 presents the hierarchical clustering 
of overlapped genes and CBIs. Based on this result the similarity of expression, for up-regulated 
genes, from most to least similar was CBI-18, 22, 15, isoxaben, 27, and control, respectively. 
The control was identified as the most dissimilar group as we expected. Besides, based on the 
structural similarity tree (Figure 23), CBI-27 was also expected to be most different from other 
CBIs, while CBI-15, 18, and 22 much more similar. In the mutually normalized analysis 
isoxaben was closer to CBI-15. These findings indicated that the expression similarity is variable 
based on the type of comparison and the normalization pattern. This comparison indicates that 
the similarity of structure is nearly in agreement with the similarity of expression pattern. 
Moreover, the mutually normalized CBIs have shown 101 overlapped induced genes between all 
CBIs while no down-regulation overlap (Table 29, Appendix). Interestingly, the comparisons of 
overlapped up-regulated genes was fairly matched between two analysis as 13 genes out of 14 











Figure 24.  The Venn diagram of overlapped regulated genes of CBI-15, 18, 22, and 27 in 
comparison with isoxaben. 1135 is the total number of genes regulated in response to isoxaben, 
the number in red background is the total number of genes regulated by each CBI, and the 










Figure 25. The hierarchical clustering of overlapped genes and treatments based on their 
expression profile, using Multi-Experimental Viewer. All the treatments were being normalized 






3.6 Second array experiments 
The data set used in this section was generated by W. Moeder, while the data analysis 
was completed by Z. Mortaji. 
 
3.6.1 Isoxaben regulated genes 
Although the circumstances of this experiment was somewhat different from the first set 
including the isoxaben concentration, the growth stage (3 days versus 5 days old Arabidopsis) 
and statistics elements such as FDR, 50% similarity between up-regulated genes were observed. 
This similarity was significant based on annotation rather than AGI-ID. 15 genes were up-
regulated in this set by applying a 200 nM isoxaben on 3-days old Arabidopsis (Table 16).  
In agreement with the first array set, 13% of the isoxaben induced genes were involved in 
response to stress and also same for unknown genes. Moreover, the wall-known associated genes 
including a leucine-rich-repeat protein kinase, a member of family 17 of GT family, XTH23, β- 
(1,3)-glucanase, peroxidase, and an unknown exordium-like 7, were induced by isoxaben. The 
glycosyl transferase seems to be involved in xyloglucan fucosylation (EC2.4.1.144) and together 
with the induced genes from XTH23 family suggests that the cell wall enhances the xyloglucan 
components in order to keep its integrity against isoxaben application, which was in agreement 
the first isoxaben microarray. The up-regulation of XTH23 by isoxaben was in agreement with 
the study of Bischoff and his associates (2009) in which the XTH23 was strongly induced by 
thaxtomin A and isoxaben application on Arabidopsis seedlings. 
The co-expression analysis for the wall-related genes of isoxaben has been shown in 
Figure 26. The co-expression result showed a unique link between XTH23, XTH18, phosphate 
induced gene (PHI-1), phosphate responsive, xylosyltransferase, and a Ca-binding protein. These 
results suggest that the xyloglucan biosynthesis is enhanced by isoxaben application. In this point 
a combination of xyloglucan-related enzyme are necessary for xyloglucan modification and it 




Table 16. The up-regulated genes by 200nM isoxaben application on 3 days-old Arabidopsis, 
considering a FDR= 7%. The highlighted annotations were the overlaps between two isoxaben 
studies 
Affy ID AGI ID FC Annotation 
259120_at At3g02240 2.978 unknown protein 
254294_at At4g23070 2.849 ATRBL7 (ARABIDOPSIS 
RHOMBOID-LIKE PROTEIN 7) 
252639_at At3g44550 2.835 FAR5 (FATTY ACID REDUCTASE 5); 
binding  
259351_at At3g05150 2.780 sugar transporter family protein 
256181_at At1g51820 2.643 leucine-rich repeat protein kinase, 
putative 
261261_at At1g26730 2.447 EXS family protein / ERD1/XPR1/SYG1 
family protein 
257076_at At3g19680 2.316 unknown protein 
257697_at At3g12700 2.238 aspartyl protease family protein 
248226_at 248226_at 2.194  
262768_at At1g12990 2.018 glycosyl transferase family 17 protein 
256578_at At3g28200 1.956 peroxidase, putative 
249235_at At5g42100 1.946 ATBG_PPAP_BG_PPAP__ATBG_PAP; 
glucan endo-1,3-beta-D-glucosidase 
260667_at At1g19440 1.893 KCS4 (3-KETOACYL-COA 
SYNTHASE 4); acyltransferase 
245757_at At1g35140 1.813 EXL7__PHI-1 (PHOSPHATE-
INDUCED 1) 














Figure 26. The co-expression analysis using GeneCAT tool box. The blue shows the entry data. 
The colors green, yellow, red, and white indicate strongly, moderately, weakly, and 









3.6.2 Flupoxam regulated genes 
A total of 49 genes were regulated by flupoxam including 44 up-regulated and 5 down-
regulated genes (Table 29, Appendix). Similar to other CBIs a considerable number of genes 
(15%) were involved in response to stress as well as 15% in cell wall biogenesis (Figure 27).  
Table 17 shows the overlapped genes between isoxaben and flupoxam. Thirteen out of 15 
isoxaben up-regulated genes were also induced by flupoxam. These results suggest that the plant 
response to isoxaben and flupoxam was very similar. All the cell wall related genes were similar 
except for COBL8 and GAUT4 genes which were induced by flupoxam in addition to other 
isoxaben induced-genes. COBL proteins have been shown to function in cellulose deposition and 
crystallization (Schindelman et al, 2001) and the induction of COBL8 in this study underlines the 
significance of this protein in wall integrity. However the exact function of this protein remains 
to be defined. Moreover, the GAUT4 which is involved in pectin biosynthesis was highly up-
regulated by flupoxam and suggests an increase in pectin biosynthesis, while cellulose 

















Figure 27.  Flupoxam up-regulated genes. The majority of up-regulated genes were implicated in 



























Table 17. The overlapped induced genes by isoxaben and flupoxam 
AFFY_ID AGI-ID Annotation  FC-ISX FC-FLPXM 
248226_at At5g53750 unknown protein 2.194 2.293 
260667_at At1g19440 KCS4__3-ketoacyl-CoA synthase 4 1.893 1.819 
245757_at At1g35140 EXL7_PHI-1__Phosphate-responsive 1 family 
protein 
1.813 1.493 
257076_at At3g19680 Protein of unknown function (DUF1005) 2.316 1.803 
261261_at At1g26730 EXS (ERD1/XPR1/SYG1) family protein 2.447 2.035 
254042_at At4g25810 XTH23_XTR6__xyloglucan 
endotransglycosylase 6 
1.793 1.574 
257697_at At3g12700 Eukaryotic aspartyl protease family protein 2.238 1.916 




256578_at At3g28200 Peroxidase superfamily protein 1.956 1.749 
256181_at At1g51820 Leucine-rich repeat protein kinase family 
protein 
2.643 2.197 
259120_at At3g02240 RGF7__Encodes a root meristem growth 
factor (RGF) 
2.978 1.951 















3.7 Expression profile of Arabidopsis CESA family genes by isoxaben 
Although the CESA proteins play a vital function in cell wall biosynthesis, none of these 
genes, with the exception of CESA1 and 5, were induced by isoxaben after the background 
adjustment and normalization step or were considered as significance genes after SAM analysis. 
Therefore, a survey was conducted on raw data to get better insight in CESA expression patterns. 
All 10 Arabidopsis CESA genes are included in on the ATH1 array. While CESA3 and CESA6 
had the highest expression level, CESA8, 9, 10 showed the lowest expression signals, in both 
isoxaben treated and un-treated samples (Figure 28; Table 18). This graph is in agreement with 
the concept that CESA1, 3, and 6 are active during primary cell wall synthesis, whereas CESA4, 
7, and 8 during secondary cell wall formation (Emons and Fagerstedt, 2010), supporting the fact 
that our experiment is affecting primary cell wall phase of growth. Moreover, our results indicate 
that CESA2 and 5 seem to be more highly expressed in comparison to CESA9, which all are 
CESA6-like and have partial functional redundancy toward CESA6. Therefore CESA2 and 
specially CESA5 may have been a better replacement for CESA6, when CESA6 is rendered 















Figure 28. The scatter plot of Arabidopsis CESA gene family by isoxaben. The data are log2 
transformed. The plot indicates CESA3 and CESA6 with highest expression level, CESA8, 9, 10 
with lowest expression signals, in both isoxaben treated and un-treated samples. This graph is in 
agreement with the concept that CESA1, 3, and 6 are active during primary cell wall synthesis, 
whereas CESA4, 7, and 8 during secondary cell wall formation, supporting the fact that our 








Table 18. Raw data of expression signals of CESA gene family in isoxaben treated samples. 
Each value is the average of three replicate for each gene 
                                                               Un-logged                                                            Log base 2 
 isoxaben control isoxaben control 
CESA1 1689.5 267.4 3.227758 2.427161 
CESA2 942.6 392 2.974327 2.593286 
CESA3 3257.9 1520.4 3.512938 3.181958 
CESA4 199.5 104.1 2.299943 2.017451 
CESA5 2466.8 594.2 3.392134 2.773933 
CESA6 3431.9 1028.7 3.535535 3.012289 
CESA7 284.9 113.9 2.454692 2.056524 
CESA8 192.2 36.6 2.283753 1.563481 
CESA9 36.6 22.3 1.563481 1.348305 
















3.8- Verification of expression profiles by Quantitative PCR 
The quantitative PCR analysis on expression profiles of a number of up-regulated genes 
in response to isoxaben and flupoxam were performed to confirm the validity of the microarray 
analysis. RNA from three biological replicates of isoxaben and Flupoxam treated plantlets were 
isolated and exactly equal amount of RNA was used for cDNA synthesis after quantification. 
The cycle threshold (Ct) value was determined and compared between each gene in isoxaben or 
Flupoxam-treated plantlets and non-treated ones. A common reference gene, UBQ10 has also 
been included. The expression levels of a glycosyltransferase (At1g12990), root meristem 
growth factor (At3g02240), and Fatty Acid Reductase 5 (At3g44550) for isoxaben and 
gibberellins regulated family protein (At1g22690), zinc finger DNA-binding (At1g69570), and 
Fatty acid Reductase 5(At3g44550) for flupoxam were analyzed by q-PCR and indicate that the 

































Figure 29. Validation of microarray data by Q-PCR. The gene expression plot for three highly 












3.9- Knock out analysis  
Arabidopsis knock out mutants were ordered for top up-regulated genes in response to 
isoxaben and flupoxam. Quantification of sugar released by Acid hydrolysis assay showed that 
the levels of released sugar by particular knock out lines were higher in comparison to wild-type. 
IF16, IF4, I5, and F34 (Figure 30) are assigned to the following genes respectively; aspartyl 
protease family protein, peroxidase putative, Arabidopsis Rhomboid-Like protein, and TIFY 
domain protein. The enhanced amount of released sugar by acid hydrolysis in knock out lines in 
comparison to the wild type may refer to a loosen or more relaxed cell wall structure. This 
loosening could be due to the significance role of the knock out line in cell wall integrity 
mechanism. Therefore, the data from acid hydrolysis proposed a potential role of these four 




















Figure 30. The Acid hydrolysis analysis of Knock out lines for isoxaben and flupoxam. Three 
replicates were applied for each knock out line and each bar shows the average of replicates for 
each particular knock out line. I, isoxaben, F, flupoxam and IF means the Knock out line is 
overlapped between both CBI. The error bars are based on the standard deviation.  For more 


















































4.1 Arabidopsis transcriptome response to the CBIs 
5 days-old Arabidopsis seedling were exposed to 5 different CBI including CBI-15, 18, 
22, 27, and Isoxaben. Each treatment was normalized against the non-treated control and the 
expression patterns of them were compared to the control as well as all together to each other in 
a second mutually normalized experiment. 
Our findings indicated that the majority of regulated genes were implicated in response to 
environmental stresses as well as cell wall biogenesis and re-modelling. In this study alteration in 
gene expression were recognized, that provided superior molecular insight concerning the effects 
of particular CBIs studied here. The particular gene expression profile has been established that 
allows the specific classification of closely related CBIs from the most similar to least CBI-18, 
22, 15, isoxaben and 27. The similarity of gene expression was moderately in agreement by the 
similarity of CBI structure: CBI-15, 18, 22, and 27 from most similar to least respectively. The 
majority of cell wall regulated genes in this study were those which act on cell wall 
polysaccharide and proposed to have a role in cell wall restructuring during plant growth and 
developmental processes or in response to biotic and abiotic stresses.   
Under our experimental circumstance, CBI altered the cell wall integrity by interfering 
the cellulose biosynthesis pathway and this alteration lead to the activation of a response or a 
compensatory mechanism by plant cells. This response or compensatory mechanism is 
characterized by: (i) an increase in stress- related genes including: genes involved in response 
biotic specially pathogen- related ones and abiotic specially the HSP and oxido-reductases; (ii) 
changes in the relationship and amount of cell wall polysaccharide such as xyloglucans and 
pectins; (iii) changes in the expression of expansins and enzymes involved in wall restructuring 
such as hydrolases, transferases and peroxidases. The majority of responses were an induction in 
transferase enzymes and a suppression in hydrolase and peroxidase enzymes. (iv) changes in the 
amount of several cell wall-related proteins and constructive enzymes. 
This study afforded more detailed evidence on isoxaben effects on cell wall composition. 
Based on these results, it is proposed that isoxaben-treated Arabidopsis compensate for their 
reduced cellulose synthesis by the modulation of other cell wall component such as enhancing 
the pectin biosynthesis and xyloglucan modulation. Previous studies have been reported the 
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similar results (Scheible et al., 2003; Sabba and Vaughn, 1999; Heim et al., 1990, 1998). In 
addition, pectin de-estertification is necessary to produce crosslinking between pectin and other 
wall carbohydrates or lignin by Ca
2+ 
-bridges (Carpita and McCann, 2000). An increase in the 
transcriptom of enzymes which are involved in pectin acetylation has revealed a preferance for 
acetylation to de-esterification in isoxaben study. This could signify an important role of 
acetylated pectin in maintaining wall integrity. Our finding is also in agreement by previous data 
on pectin synthesis enrichment through a lower amount of desertification in response to reduced 
cellulose synthesis (Burton et al., 2000; Bischoff et al., 2009).  
A high rate of xyloglucan biosynthesis or fragmentation could be concluded from the 
alteration of xyloglucan-related genes by isoxaben in this study. Several families of XTH genes 
were regulated by isoxaben treatment. Although, the role of individual XTHs is not yet clear, 
some are assumed to be implicated in wall loosening by cutting and reattaching the existing 
xyloglucans (Rose et al., 2002) whereas, other XTHs are involved in incorporation of newly 
secreted xyloglucan into the cell wall (Smith and Fry, 1991). This interpretation could explain 
our results that repressed XTH potentially belong to the first group of XTH and the induced 
XTHs are likely to be involved in the incorporation of newly secreted xyloglucan chain into the 
cell wall. Based on this theory, XTH12, 13 function in xyloglucan turnover and their down-
regulation leads to lesser wall loosening and XTH15, 16, 23, 25, 27, 28, 30, 31, 32, and 33 are 
likely to be contribute for incorporation of newly synthesized chain into cell wall.  
 
4.2. Is there a clear boundary between wall-related and stress-related genes? 
Cell wall is the first barrier to the pathogens, herbivores, and pests and it is also the first 
layer of plants that are exposed to any type of biotic environmental changes such as temperature, 
light, drought, salt, and so on. The genes involve is primary defense mechanism seems 
reasonable to be located in the cell wall or close to it.  
Our results imply that there is not a specific boundary between wall-related genes and 
stress response genes. The majority of wall related genes were regulated in response to different 
type of stresses. The expansin proteins have shown to be important in response to salinity and 
heat stresses (Geilfus et al., 2010; Xu et al., 2007) as well as several numbers of the structural 
proteins such as HRGP, PRP, and GRP rapidly accumulated in response to pathogens, wound 
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and different type of stresses (Johnson et al., 2003; Fowler et al., 1999). Moreover, WAK and 
WAKL were regulated in several stress-related studies (Hepler and Winship, 2010; Hou et al., 
2005). All these findings together shows several members of genes which are involved in wall 
biogenesis are implicated in defensive mechanisms. In other hand, this is a mutual fact since 
numerous stress-related genes have been proved to be implicated in wall biosynthesis and re-
structuring including peroxidase enzymes that are implicated in lignin biosynthesis. Moreover, 
some of the heat shock proteins such as family 40 have proved to be involved in cell wall 
integrity in the yeast Saccharomyces cerevisiae (Wright et al., 2007). Furthermore, previous 
studies have revealed that some expansin proteins are encoded by root hair specific genes such as 
AtXPA7 (Cho and Cosgrove, 2002). EXPA18 and EXPA7 were also down-regulated among all 
CBIs. These examples suggest that there is no boundary between wall-related genes and those 
involved in the response to environmental changes. Stress response profiles can therefore by 
used as a possible candidate database for wall biogenesis studies and vice versa.   
 
4.3 Candidate Signature for the CBIs 
One of the important goals of any microarray study is to find out a specific signature for 
that particular variable. Evaluation of altered transcriptome by CBI application revealed not only 
the presence of particular expression pattern for each CBI, but also the existence of common 
signature genes that is regulated in all these CBIs.  
Based on or findings, PRP, GRP, HSP, and expansins were determined as a general 
signature for the studied CBIs. On the other hand, PRP and expansin were down-regulated 
mostly in all the CBIs treatments whereas GRPs and HSP were mostly induced by all the CBIs 
and could be assigned as the signature candidate for CBIs in this study. Moreover, several 
number of root hair specific genes (RHS) were down-regulated among CBIs specifically by 
isoxaben. AtEXP7 and AtEXP18 were down-regulated by all CBIs. AtEXP7 is known as a root 
hair specific gene and AtEXP18 is closely attached to AtEXP7 in phylogenetic tree that suggest 
AtEXP18 could also be a root hair specific gene, and both could particularly be considered as a 




4.4 Co-expressed-based networks 
Our data also verified a significant correlation between cell wall genes based on 
GeneCAT co-expressed database. A cell wall nutrient reservoir (PAP85) was strongly induced in 
our experiment and was used as bait for GeneCAT analysis. Among those co-expressed genes, 
the GRPs were confirmed in our results that suggests a function link between PAP85 and GRPs.  
Interestingly, an important functional link between CESA5, CESA1, and COBRA-Like 
genes were also identified in isoxaben-treated plants. This correlation was confirmed by 
GeneCAT analysis. These co-expressed genes were involved in a network of other wall-related 
genes such as CESA3 and CESA6. Assuming these two later CESA genes were affected by 
isoxaben, CESA5 and COBL may be replaced to balance this loss of function, and our result 
proposes a more considerable role for CESA5 gene amongst CESA6-like family in compensating 
the isoxaben damage. Alternatively, the 1.5 fold induction of CESA1 may suggest additional 
significance role of this gene in primary cell wall synthesis in comparison to CESA3 and CESA6 
in this particular study.   
 
4.5 How to enhance the consistency between microarray data? 
Microarray is a functional and susceptible approach that needs a great deal of attention 
once you declare your result as well as once you compare your result to other available 
microarray experiments. Our finding proposed two main steps that require extra consideration in 
a microarray experiment: (i) all the tissue preparation steps should be completed at the same 
exact time. The general idea that assumed here is that Arabidopsis or any plants in general 
responds to inhibitors (stress) based on the existence transcriptome it has at the moment of 
inhibitor application. For instance, a 4 days-old Arabidopsis seedling has a different 
transcriptome and proteome in comparison to a 7 days-old seedling and the down and up-
regulation patterns occurs based on the transcriptome property, (ii) for the data analysis, all the 
treatments and replicates should go through same background adjustment, normalization, and 
summarization methods. Moreover, the SAM parameter settings such as cut off-values, 
permutation, false discovery value, delta value, and fold change should be same among all 
treatments. These theories are back up our result for a low consistency between our first and 
second isoxaben expression profile.  Moreover, the hierarchical clustering of CBIs is different 
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depend on whether they are normalized against the control or against each other. The mutually 
normalized analysis revealed that the similarity of expression pattern between CBIs from the 
most similar to least is CBI-18, 22, 15, isoxaben, 27 while the analysis of separately normalized 
data suggests that isoxaben is more similar to CBI-22. This result again signifies the importance 
of the way one decides to analyze the microarray data.   
 
4.6 Future direction 
Our understanding about cell wall biosynthesis is fragmentary and incomplete in many 
respects. Although many wall-relevant genes have been detected in this study, much work 
remains to be completed on the product of these transcriptomes. 
Additional effects of these CBIs could be investigated by radio-labelled analysis of 
cellulosic and non-cellulosic components of the cell wall to study the CBI’s site of action or the 
way they affect on cell wall compartments. In addition, in order to determine the modification of 
wall glycosidic composition the ammonium oxalate and Alkali (KOH) extract of seedlings 
should be prepared, respectively and then the type and amount of carbohydrate would be 
determined by gas chromatography. This information could be used to determine the 
carbohydrate modification of cell wall before and after CBI treatment.    
Future lignification analysis of CBI-15, 18, 22, and 27 would provide more evidence if 
the effect of these CBIs is lead to compensatory lignin production response and whether this 
lignification pattern is similar in all CBIs or different due to specific effects of CBIs. It also 
provides more evidence which CBI is more similar to isoxaben based on lignification (etiolated 
isoxaben-treated Arabidopsis usually causes lignification in the root region (Desprez et al., 
2002)). Moreover, confocal microscopy analysis of cell wall could be another useful study to 
determine whether CBI-15, 18, 22, and 27 affect the CESA accumulation and further 
microtubule deposition patterns. 
Additionally, a tissue specific microarray experiment on CBIs would provide more 
insights into wall biogenesis by determining whether or not the same genes are involved in root 
and stem wall synthesizing. Root-wall specific transcriptome may possibly demonstrate more 
alteration due to the fact that roots are specialized for water and nutrient absorption. Therefore, 
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roots are also the first organ that absorb CBIs and lead to expression of huge amount of stress-
related genes as well as wall integrity-related genes, while, stem could specifically only modify 
the wall-related genes. 
Here, we report the successful and practical application of four new chemicals including 
3,5-diethoxy-N-(4-methyl-pyridin-2-yl)-benzamide (CBI-15), N-[2-(3,4-dimethoxy-phenyl)-1-
isobutylcarbamoyl-vinyl]-benzamide (CBI-18), N-[2-(2-isopropyl-5-methyl-phenoxy)-ethyl]-3-
phenyl-propionamide (CBI-22), and 2-(7,7,9,9-tetramethyl-7,8,9,10-tetrahydro-6-thia-1,3,3a,5,8-
pentaaza-cyclopenta[c]fluoren-2-yl)-phenol (CBI-27) for further cell wall studies.  
Understanding all these detail about cell wall integrity may lead us to engineer a less 
strength cell wall in order to increase the efficiency of biofuel production. This can be done by 
over expression of genes which are involve in cell wall loosening such as expansins, some XTH, 
and GH families or alternatively, by lower expression of genes which are implicated in wall 
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Figure 31- Scatter plots of log base 2 raw data of  ATH1 Arabidopsis whole genome array data, 
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Figure 32. Box-plot obtained using RMA method through R program, the left box-plot is before 
background adjustment and the right box plot is after background adjustment. A. CBI-15 vs. 
control, B. CBI-18 vs. control, C. CBI-22 vs. control, D. CBI-27 vs. control, E. Isoxaben vs. 
control. The first three box in each plot are the treatments and the next three box are the controls. 
Bot1642, 1643, 1644 are replicate 1, 2, 3 of the control. Bot 1460, 1461, 1462 are replicate 1, 2, 
3 of the CBI-15, Bot 1465, 1466, 1467 for CBI- 18, Bot 1451, 1452, 1453 for CBI-22, Bot1454, 





























































Pre-Normalization                                             Post- Normalization 
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Figure 33.  MA-plot obtained through the RMA using quantile normalization in R project. A. 
CBI-15 vs. control, the left top three plots are the CBI-15 and left bottom three are the controls 
before the RMA method, the right plots are the after normalization method. B. CBI-18 vs. 









Figure 34. The dendrogram shows the up and down-regulated genes in response to CBI-18. 





Figure 35. The dendrogram shows the up and down-regulated genes in response to CBI-22. 
Bot1451, 1452, and 1453 represent the three replicates of CBI-22 and bot1642, 1643, and 1644 






Figure 36. The dendrogram shows the up and down-regulated genes in response to CBI-2. 
Bot1454, 1455, and 1456 represent the three replicates of CBI-27 and bot1642, 1643, and 1644 




Figure 37. The dendrogram shows the up and down-regulated genes in response to Isoxaben. 





Table 19. The up-regulated genes by CBI-15 
 
Affy ID Gene ID FC Annotation 
Defense mechanism 
247691_at At5g59720 4.08 HSP18.2__heat shock protein 18.2 
263320_at At2g47180 4.03 AtGolS1_GolS1__galactinol synthase 1 
263150_at At1g54050 3.97 HSP20-like chaperones superfamily protein 
262148_at At1g52560 3.81 HSP20-like chaperones superfamily protein 
266141_at At2g02120 3.72 LCR70_PDF2.1__Scorpion toxin-like knottin superfamily protein 
250296_at At5g12020 3.69 HSP17.6II__17.6 kDa class II heat shock protein 
253884_at At4g27670 3.50 HSP21__heat shock protein 21 
254095_at At4g25140 3.50 OLE1_OLEO1__oleosin 1 




3.26 ATHSD1_HSD1__hydroxysteroid dehydrogenase 1 
260978_at At1g53540 3.17 HSP20-like chaperones superfamily protein 
264899_at At1g23130 2.96 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
245010_at AtCg00420 2.88 NDHJ__NADH dehydrogenase subunit J 
263753_at At2g21490 2.88 LEA__dehydrin LEA 
267336_at At2g19310 2.77 HSP20-like chaperones superfamily protein 
250207_at At5g13930 2.74 ATCHS_CHS_TT4__Chalcone and stilbene synthase family protein 
266294_at At2g29500 2.71 HSP20-like chaperones superfamily protein 
255807_at At4g10270 2.62 Wound-responsive family protein 
252137_at At3g50980 2.61 XERO1__dehydrin xero 1 
262857_at At1g14930 2.53 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
250199_at At5g14180 2.50 MPL1__Myzus persicae-induced lipase 1 
249467_at At5g39610 2.43 ANAC092_ATNAC2_ATNAC6_NAC2_NAC6_ORE1__NAC domain containing protein 6 
260716_at At1g48130 2.40 ATPER1_PER1__1-cysteine peroxiredoxin 1 
258695_at At3g09640 2.36 APX1B_APX2__ascorbate peroxidase 2 
266001_at At2g24150 2.35 HHP3__heptahelical protein 3 
249353_at At5g40420 2.34 OLE2_OLEO2__oleosin 2 
255811_at At4g10250 2.34 ATHSP22.0__HSP20-like chaperones superfamily protein 
262828_at At1g14950 2.30 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
266590_at At2g46240 2.26 ATBAG6_BAG6__BCL-2-associated athanogene 6 
263377_at At2g40220 2.26 ABI4_ATABI4_GIN6_ISI3_SAN5_SIS5_SUN6__Integrase-type DNA-binding superfamily protein 




2.20 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
259167_at At3g01570 2.13 Oleosin family protein 
252957_at At4g38680 1.72 ATCSP2_CSDP2_CSP2_GRP2__glycine rich protein 2 
 
   Cell wall-related 
266393_at At2g41260 3.31 ATM17_M17__glycine-rich protein / late embryogenesis abundant protein (M17) 
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250780_at At5g05290 2.88 ATEXP2_ATEXPA2_ATHEXP ALPHA 1.12_EXP2_EXPA2__expansin A2 
258327_at At3g22640 2.47 PAP85__cupin family protein 
262230_at At1g68560 2.33 
Bifunctional alpha-l-arabinofuranosidase/beta-d-xylosidase that belongs to family 3 of glycoside hydrolases 
257205_at At3g16520 2.16 UGT88A1__UDP-glucosyl transferase 88A1 
247638_at At5g60490 2.00 FLA12__FASCICLIN-like arabinogalactan-protein 12 
248050_at At5g56100 1.76 glycine-rich protein / oleosin 
264977_at At1g27090 1.74 glycine-rich protein 
255822_at At2g40610 1.72 ATEXP8_ATEXPA8_ATHEXP ALPHA 1.11_EXP8_EXPA8__expansin A8 
260914_at At1g02640 1.70 ATBXL2_BXL2__beta-xylosidase 2 
257974_at At3g20820 1.55 Leucine-rich repeat (LRR) family protein 
248185_at At5g54060 1.54 UF3GT__UDP-glucose:flavonoid 3-o-glucosyltransferase 
266340_at At2g01480 1.51 O-fucosyltransferase family protein 
264894_at At1g23040 1.51 hydroxyproline-rich glycoprotein family protein 
262118_at At1g02850 1.49 BGLU11__beta glucosidase 11 
262844_at At1g14890 1.47 Plant invertase/pectin methylesterase inhibitor superfamily protein 
247762_at At5g59170 1.45 Proline-rich extensin-like family protein 
248590_at At5g49660 1.44 Leucine-rich repeat transmembrane protein kinase family protein 
254667_at At4g18280 1.43 glycine-rich cell wall protein-related 
256033_at At1g07250 1.38 UGT71C4__UDP-glucosyl transferase 71C4 
245688_at At1g28290 1.38 AGP31__arabinogalactan protein 31 
256825_at At3g22120 1.37 CWLP__cell wall-plasma membrane linker protein 
245478_at At4g16130 1.32 ARA1_ATISA1_ISA1__arabinose kinase 
258528_at At3g06770 1.32 Pectin lyase-like superfamily protein 
248563_at At5g49690 1.32 UDP-Glycosyltransferase superfamily protein 
261266_at At1g26770 1.31 AT-EXP10_ATEXP10_ATEXPA10_ATHEXP ALPHA 1.1_EXP10_EXPA10__expansin A10 
251225_at At3g62660 1.30 GATL7__galacturonosyltransferase-like 7 
    Unknown proteins 




3.38 unknown protein 
260917_at At1g02700 3.15 unknown protein 
245243_at At1g44414 2.79 unknown protein 
257994_at At3g19920 2.61 unknown protein 
250624_at At5g07330 2.56 unknown protein 
244906_at AtMg00690 2.50 ORF240A__hypothetical protein 
257323_at AtMg01200 2.45 ORF294__hypothetical protein 
258397_at At3g15357 2.42 unknown protein 





2.38 unknown protein 
257321_at AtMg01130 2.25 ORF106F__hypothetical protein 
244903_at AtMg00660 2.22 ORF149__hypothetical protein 
258939_at At3g10020 2.14 unknown protein 
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257322_at AtMg01180 2.08 ORF111B__hypothetical protein 
248336_at At5g52420 2.06 unknown protein 
264612_at At1g04560 2.01 unknown protein 
 
   Electron transport 




3.04 Cytochrome b/b6 protein 
245003_at AtCg00280 2.53 PSBC__photosystem II reaction center protein C 
245025_at AtCg00130 2.41 ATPF__ATPase, F0 complex, subunit B/B', bacterial/chloroplast 
244936_at AtCg01100 2.37 NDHA__NADH dehydrogenase family protein 




2.01 NADH:ubiquinone/plastoquinone oxidoreductase, chain 3 protein 
 




2.66 RPL16__ribosomal protein L16 
249427_at At5g39850 2.48 Ribosomal protein S4 
244996_at AtCg00160 2.41 RPS2__ribosomal protein S2 
246990_at At5g67360 2.32 ARA12__Subtilase family protein 
260859_at At1g43780 2.25 scpl44__serine carboxypeptidase-like 44 
244969_at AtCg00650 2.25 RPS18__ribosomal protein S18 
245015_at AtCg00490 2.24 RBCL__ribulose-bisphosphate carboxylases 
248961_at At5g45650 2.16 subtilase family protein 
245009_at AtCg00380 2.03 RPS4__chloroplast ribosomal protein S4 
 
   Other biological processs 
265255_at At2g28420 3.79 Lactoylglutathione lyase / glyoxalase I family protein 
256354_at At1g54870 3.67 NAD(P)-binding Rossmann-fold superfamily protein 
265111_at At1g62510 3.37 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
245048_at AtCg00040 2.54 MATK__maturase K 
253054_at At4g37580 2.53 COP3_HLS1_UNS2__Acyl-CoA N-acyltransferases (NAT) superfamily protein 
255905_at At1g17810 2.38 BETA-TIP__beta-tonoplast intrinsic protein 
255858_at At1g67030 2.38 ZFP6__zinc finger protein 6 
247284_at At5g64410 2.36 ATOPT4_OPT4__oligopeptide transporter 4 
248125_at At5g54740 2.35 SESA5__seed storage albumin 5 








Table 20. The down-regulated genes by CBI-15 
Affy ID AGI ID FC Annotation  
Cell Wall- related Genes 
251226_at At3g62680 0.239 ATPRP3_PRP3__proline-rich protein 3 
264500_at At1g09370 0.269 Plant invertase/pectin methylesterase inhibitor superfamily protein 
251842_at At3g54580 0.278 Proline-rich extensin-like family protein 
263376_at At2g20520 0.286 FLA6__FASCICLIN-like arabinogalactan 6 
252833_at At4g40090 0.320 AGP3__arabinogalactan protein 3 
254044_at At4g25820 0.329 ATXTH14_XTH14_XTR9__xyloglucan endotransglucosylase/hydrolase 14 
261099_at At1g62980 0.335 ATEXP18_ATEXPA18_ATHEXP ALPHA 1.25_EXP18_EXPA18__expansin A18 
263552_x_at At2g24980 0.342 Proline-rich extensin-like family protein 
249287_at At5g41250 0.345 Exostosin family protein 
250683_x_at At5g06640 0.348 Proline-rich extensin-like family protein 
251843_x_at At3g54590 0.355 ATHRGP1_HRGP1__hydroxyproline-rich glycoprotein 




0.401 NAD(P)-binding Rossmann-fold superfamily protein 




0.421 BGLU34_TGG4__beta glucosidase 34 
251761_at At3g55700 0.449 UDP-Glycosyltransferase superfamily protein 
247871_at At5g57530 0.469 AtXTH12_XTH12__xyloglucan endotransglucosylase/hydrolase 12 
249744_at At5g24550 0.485 BGLU32__beta glucosidase 32 
247914_at At5g57540 0.492 AtXTH13_XTH13__xyloglucan endotransglucosylase/hydrolase 13 
250488_at At5g09700 0.500 Glycosyl hydrolase family protein 
Defense Mechanism 
265155_at At1g30990 0.299 Polyketide cyclase/dehydrase and lipid transport superfamily protein 




0.330 RmlC-like cupins superfamily protein 
254025_at At4g25790 0.331 
CAP (Cysteine-rich secretory proteins, Antigen 5, and Pathogenesis-related 1 protein) 
superfamily protein 
265102_at At1g30870 0.347 Peroxidase superfamily protein 
263754_at At2g21510 0.371 DNAJ heat shock N-terminal domain-containing protein 
253667_at At4g30170 0.400 Peroxidase family protein 




0.420 Peroxidase superfamily protein 
257382_at At2g40750 0.436 ATWRKY54_WRKY54__WRKY DNA-binding protein 54 
253259_at At4g34410 0.442 RRTF1__redox responsive transcription factor 1 
250778_at At5g05500 0.453 Pollen Ole e 1 allergen and extensin family protein 
250286_at At5g13320 0.463 GDG1_GH3.12_PBS3_WIN3__Auxin-responsive GH3 family protein 
256324_at At1g66760 0.467 MATE efflux family protein 
248790_at At5g47450 0.470 ATTIP2;3_DELTA-TIP3_TIP2;3__tonoplast intrinsic protein 2;3 
250069_at At5g17970 0.479 Disease resistance protein (TIR-NBS-LRR class) family 
259276_at At3g01190 0.489 Peroxidase superfamily protein 
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249890_at At5g22570 0.506 ATWRKY38_WRKY38__WRKY DNA-binding protein 38 
254097_at At4g25160 0.510 U-box domain-containing protein kinase family protein 
Root Hair Specific Protein 
255516_at At4g02270 0.275 RHS13__root hair specific 13 




0.322 RHS14__root hair specific 14 
246367_at At1g51880 0.327 RHS6__root hair specific 6 
257418_at At1g30850 0.382 RSH4__root hair specific 4 
261550_at At1g63450 0.440 RHS8__root hair specific 8 
Pheloem Proteins 
266232_at At2g02310 0.281 AtPP2-B6_PP2-B6__phloem protein 2-B6 
266176_at At2g02250 0.287 AtPP2-B2_PP2-B2__phloem protein 2-B2 
266233_at At2g02340 0.401 AtPP2-B8_PP2-B8__phloem protein 2-B8 
Unknown Proteins 
257540_at At3g21520 0.335 AtDMP1_DMP1__DUF679 domain membrane protein 1 
253179_at At4g35200 0.342 Arabidopsis protein of unknown function (DUF241) 
256283_at At3g12540 0.348 Protein of unknown function, DUF547 
256054_at At1g07120 0.421 unknown protein 
254031_at At4g25920 0.444 Protein of unknown function (DUF295) 
257154_at At3g27210 0.486 unknown protein 
Other Biological Process 
260344_at At1g69240 0.268 ATMES15_MES15_RHS9__methyl esterase 15 
249185_at At5g43030 0.295 Cysteine/Histidine-rich C1 domain family protein 
257668_at At3g20460 0.352 Major facilitator superfamily protein 
245422_at At4g17470 0.356 alpha/beta-Hydrolases superfamily protein 
252944_at At4g39320 0.386 microtubule-associated protein-related 
251709_at At3g56380 0.468 ARR17_RR17__response regulator 17 
260492_at At2g41850 0.504 ADPG2_PGAZAT__polygalacturonase abscission zone A. thaliana 
256009_at At1g19210 0.303 Integrase-type DNA-binding superfamily protein 
265582_at At2g20030 0.315 RING/U-box superfamily protein 
263451_at At2g31690 0.317 alpha/beta-Hydrolases superfamily protein 
248931_at At5g46040 0.335 Major facilitator superfamily protein 
264505_at At1g09380 0.347 nodulin MtN21 /EamA-like transporter family protein 
257481_at At1g08430 0.365 ALMT1_ATALMT1__aluminum-activated malate transporter 1 
248317_at At5g52680 0.369 Copper transport protein family 
253244_at At4g34580 0.370 COW1_SRH1__Sec14p-like phosphatidylinositol transfer family protein 
248736_at At5g48110 0.373 Terpenoid cyclases/Protein prenyltransferases superfamily protein 
259974_at At1g76430 0.376 PHT1;9__phosphate transporter 1;9 
251231_at At3g62760 0.377 ATGSTF13__Glutathione S-transferase family protein 
266011_at At2g37440 0.380 DNAse I-like superfamily protein 
266913_at At2g45890 0.400 ATROPGEF4_RHS11_ROPGEF4__RHO guanyl-nucleotide exchange factor 4 
263098_at At2g16005 0.405 MD-2-related lipid recognition domain-containing protein 
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261660_at At1g18370 0.408 ATNACK1_HIK_NACK1__ATP binding microtubule motor family protein 
264893_at At1g23140 0.425 Calcium-dependent lipid-binding (CaLB domain) family protein 
266004_at At2g37330 0.429 ALS3__aluminum sensitive 3 
254290_at At4g23000 0.432 Calcineurin-like metallo-phosphoesterase superfamily protein 
261198_at At1g12940 0.433 ATNRT2.5_NRT2.5__nitrate transporter2.5 
249053_at At5g44440 0.443 FAD-binding Berberine family protein 




0.447 CCT motif family protein 




0.452 Plasma-membrane choline transporter family protein 
256205_at At1g50890 0.452 ARM repeat superfamily protein 
255654_at At4g00970 0.457 CRK41__cysteine-rich RLK (RECEPTOR-like protein kinase) 41 
249071_at At5g44050 0.474 MATE efflux family protein 
261809_at At1g08340 0.482 Rho GTPase activating protein with PAK-box/P21-Rho-binding domain 
247789_at At5g58680 0.483 ARM repeat superfamily protein 
258145_at At3g18200 0.484 nodulin MtN21 /EamA-like transporter family protein 
263950_at At2g36020 0.484 HVA22J__HVA22-like protein J 
258177_at At3g21660 0.491 UBX domain-containing protein 
261559_at At1g01780 0.492 GATA type zinc finger transcription factor family protein 
265615_at At2g25450 0.493 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
246374_at At1g51840 0.499 protein kinase-related 
253656_at At4g30090 0.507 emb1353__embryo defective 1353 
261984_at At1g33760 0.508 Integrase-type DNA-binding superfamily protein 















Table 21. The up-regulated genes by CBI-18 
Affy ID AGI ID FC Annotation  
Defense Mechanism 
251731_at At3g56350 3.514 Iron/manganese superoxide dismutase family protein 
266141_at At2g02120 3.412 LCR70_PDF2.1__Scorpion toxin-like knottin superfamily protein 
256527_at At1g66100 3.342 Plant thionin, pathogen related protein 
250207_at At5g13930 3.341 ATCHS_CHS_TT4__Chalcone and stilbene synthase family protein 
262609_at At1g13930 3.242 Involved in response to salt stress. Knockout mutants are hypersensitive to salt stress. 
263320_at At2g47180 3.168 AtGolS1_GolS1__galactinol synthase 1 
253767_at At4g28520 3.164 CRC_CRU3__cruciferin 3 
247691_at At5g59720 3.133 HSP18.2__heat shock protein 18.2 
263875_at At2g21970 3.060 SEP2__stress enhanced protein 2 
254095_at At4g25140 2.980 OLE1_OLEO1__oleosin 1 
250296_at At5g12020 2.861 HSP17.6II__17.6 kDa class II heat shock protein 
266654_at At2g25890 2.759 Oleosin family protein 
264899_at At1g23130 2.758 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
263150_at At1g54050 2.738 HSP20-like chaperones superfamily protein 
263753_at At2g21490 2.615 LEA__dehydrin LEA 
262148_at At1g52560 2.610 HSP20-like chaperones superfamily protein 
252618_at At3g45140 2.605 ATLOX2_LOX2__lipoxygenase 2 
262828_at At1g14950 2.601 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
252137_at At3g50980 2.556 XERO1__dehydrin xero 1 
260978_at At1g53540 2.527 HSP20-like chaperones superfamily protein 
265817_at At2g18050 2.422 HIS1-3__histone H1-3 
258434_at At3g16770 2.314 ATEBP_EBP_ERF72_RAP2.3__ethylene-responsive element binding protein 
264052_at At2g22330 2.279 CYP79B3__cytochrome P450, family 79, subfamily B, polypeptide 3 
262310_at At1g70840 2.257 MLP31__MLP-like protein 31 
263377_at At2g40220 2.257 
ABI4_ATABI4_GIN6_ISI3_SAN5_SIS5_SUN6__Integrase-type DNA-binding superfamily 
protein 




2.246 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
249082_at At5g44120 2.162 ATCRA1_CRA1_CRU1__RmlC-like cupins superfamily protein 
260716_at At1g48130 2.130 ATPER1_PER1__1-cysteine peroxiredoxin 1 
249353_at At5g40420 2.128 OLE2_OLEO2__oleosin 2 
253922_at At4g26850 2.099 VTC2__mannose-1-phosphate guanylyltransferase (GDP) 
265569_at At2g05620 2.063 PGR5__proton gradient regulated 5 
266462_at At2g47770 2.056 ATTSPO__TSPO(outer membrane tryptophan-rich sensory protein)-related 
250199_at At5g14180 2.016 MPL1__Myzus persicae-induced lipase 1 
262325_at At1g64160 2.015 Disease resistance-responsive (dirigent-like protein) family protein 
Cell Wall-Related 
265511_at At2g05540 3.083 Glycine-rich protein family 
252320_at At3g48580 2.701 XTH11__xyloglucan endotransglucosylase/hydrolase 11 
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258327_at At3g22640 2.181 PAP85__cupin family protein 
257205_at At3g16520 2.109 UGT88A1__UDP-glucosyl transferase 88A1 
262230_at At1g68560 2.109 ATXYL1_TRG1_XYL1__alpha-xylosidase 1 
248622_at At5g49360 1.931 ATBXL1_BXL1__beta-xylosidase 1 
252957_at At4g38680 1.803 ATCSP2_CSDP2_CSP2_GRP2__glycine rich protein 2 
257974_at At3g20820 1.727 Leucine-rich repeat (LRR) family protein 
262844_at At1g14890 1.698 Plant invertase/pectin methylesterase inhibitor superfamily protein 
260914_at At1g02640 1.626 ATBXL2_BXL2__beta-xylosidase 2 
255822_at At2g40610 1.589 ATEXP8_ATEXPA8_ATHEXP ALPHA 1.11_EXP8_EXPA8__expansin A8 
256825_at At3g22120 1.558 CWLP__cell wall-plasma membrane linker protein 
247266_at At5g64570 1.556 ATBXL4_XYL4__beta-D-xylosidase 4 
248185_at At5g54060 1.528 UF3GT__UDP-glucose:flavonoid 3-o-glucosyltransferase 
258512_at At3g06510 1.513 ATSFR2_SFR2__Glycosyl hydrolase superfamily protein 
258167_at At3g21560 1.471 UGT84A2__UDP-Glycosyltransferase superfamily protein 
248050_at At5g56100 1.465 glycine-rich protein / oleosin 
262118_at At1g02850 1.447 BGLU11__beta glucosidase 11 
260181_at At1g70710 1.436 ATGH9B1_CEL1_GH9B1__glycosyl hydrolase 9B1 
265051_at At1g52100 1.431 Mannose-binding lectin superfamily protein 
245166_at At2g33170 1.407 Leucine-rich repeat receptor-like protein kinase family protein 
248590_at At5g49660 1.401 Leucine-rich repeat transmembrane protein kinase family protein 
258369_at At3g14310 1.395 ATPME3_PME3__pectin methylesterase 3 
246468_at At5g17050 1.387 UGT78D2__UDP-glucosyl transferase 78D2 
264977_at At1g27090 1.382 glycine-rich protein 
254667_at At4g18280 1.371 glycine-rich cell wall protein-related 
261518_at At1g71695 1.369 Peroxidase superfamily protein 
247845_at At5g58090 1.360 O-Glycosyl hydrolases family 17 protein 
256033_at At1g07250 1.350 UGT71C4__UDP-glucosyl transferase 71C4 
245318_at At4g16980 1.340 arabinogalactan-protein family 
258535_at At3g06750 1.337 hydroxyproline-rich glycoprotein family protein 
247298_at At5g63840 1.331 PSL5_RSW3__Glycosyl hydrolases family 31 protein 
247958_at At5g57070 1.312 hydroxyproline-rich glycoprotein family protein 
Unknown Proteins 
264494_at At1g27461 2.988 unknown protein 
265481_at At2g15960 2.807 unknown protein 
260917_at At1g02700 2.738 unknown protein 
257323_at AtMg01200 2.718 ORF294__hypothetical protein 









2.417 unknown protein 




2.285 unknown protein 
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244923_s_at AtMg01020 2.283 ORF153B__hypothetical protein 
257321_at AtMg01130 2.267 ORF106F__hypothetical protein 
247030_at At5g67210 2.237 Protein of unknown function (DUF579) 




2.184 unknown protein 
244903_at AtMg00660 2.159 ORF149__hypothetical protein 
244906_at AtMg00690 2.147 ORF240A__hypothetical protein 




2.114 Protein of unknown function (DUF567) 
257334_at AtMg01370 2.108 ORF111D__hypothetical protein 
244951_s_at At2g07723 
AtMg00180 
2.021 unknown protein 
Electron Transport and Energy Pathways 
244962_at AtCg01050 3.405 NDHD__NADH-Ubiquinone/plastoquinone (complex I) protein 




2.701 Cytochrome b/b6 protein 
245025_at AtCg00130 2.613 ATPF__ATPase, F0 complex, subunit B/B', bacterial/chloroplast 
252130_at At3g50820 2.521 OEC33_PSBO-2_PSBO2__photosystem II subunit O-2 
245002_at AtCg00270 2.443 PSBD__photosystem II reaction center protein D 
244936_at AtCg01100 2.397 NDHA__NADH dehydrogenase family protein 
245017_at AtCg00510 2.390 PSAI__photsystem I subunit I 
245007_at AtCg00350 2.370 PSAA__Photosystem I, PsaA/PsaB protein 
247320_at At5g64040 2.324 
PSAN__photosystem I reaction center subunit PSI-N, chloroplast, putative / PSI-N, putative 
(PSAN) 
245347_at At4g14890 2.272 2Fe-2S ferredoxin-like superfamily protein 




2.074 NADH:ubiquinone/plastoquinone oxidoreductase, chain 3 protein 
244973_at AtCg00690 2.015 PSBT_PSBTC__photosystem II reaction center protein T 
264508_at At1g09570 2.010 FHY2_FRE1_HY8_PHYA__phytochrome A 





2.803 RPL16__ribosomal protein L16 








2.507 Ribosomal protein S12/S23 family protein 
244996_at AtCg00160 2.405 RPS2__ribosomal protein S2 
246990_at At5g67360 2.198 ARA12__Subtilase family protein 
245015_at AtCg00490 2.176 RBCL__ribulose-bisphosphate carboxylases 
244969_at AtCg00650 2.082 RPS18__ribosomal protein S18 
Other Biological Process 










3.474 ATP synthase 9 mitochondrial 
245171_at At2g47560 3.246 RING/U-box superfamily protein 
260205_at At1g70700 3.192 JAZ9_TIFY7__TIFY domain/Divergent CCT motif family protein 
256159_at At1g30135 3.186 JAZ8_TIFY5A__jasmonate-zim-domain protein 8 
245016_at AtCg00500 3.062 ACCD__acetyl-CoA carboxylase carboxyl transferase subunit beta 
265255_at At2g28420 3.051 Lactoylglutathione lyase / glyoxalase I family protein 
266393_at At2g41260 3.036 ATM17_M17__glycine-rich protein / late embryogenesis abundant protein (M17) 
256354_at At1g54870 2.941 NAD(P)-binding Rossmann-fold superfamily protein 
256015_at At1g19150 2.936 LHCA2*1_LHCA6__photosystem I light harvesting complex gene 6 
244997_at AtCg00170 2.933 RPOC2__DNA-directed RNA polymerase family protein 
244932_at AtCg01060 2.929 PSAC__iron-sulfur cluster binding;electron carriers;4 iron, 4 sulfur cluster binding 




2.877 ATHSD1_HSD1__hydroxysteroid dehydrogenase 1 
244972_at AtCg00680 2.846 PSBB__photosystem II reaction center protein B 
257632_at At3g26190 2.839 CYP71B21__cytochrome P450, family 71, subfamily B, polypeptide 21 
263761_at At2g21330 2.789 FBA1__fructose-bisphosphate aldolase 1 
252092_at At3g51420 2.788 ATSSL4_SSL4__strictosidine synthase-like 4 
253894_at At4g27150 2.780 AT2S2_SESA2__seed storage albumin 2 
260221_at At1g74670 2.662 Gibberellin-regulated family protein 
257832_at At3g26740 2.603 CCL__CCR-like 
261957_at At1g64660 2.486 ATMGL_MGL__methionine gamma-lyase 
265111_at At1g62510 2.483 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
245070_at At2g23240 2.469 Plant EC metallothionein-like protein, family 15 
255905_at At1g17810 2.421 BETA-TIP__beta-tonoplast intrinsic protein 
260088_at At1g73190 2.400 ALPHA-TIP_TIP3;1__Aquaporin-like superfamily protein 
253887_at At4g27730 2.399 ATOPT6_OPT6__oligopeptide transporter 1 
247023_at At5g67060 2.392 HEC1__basic helix-loop-helix (bHLH) DNA-binding superfamily protein 
247951_at At5g57240 2.375 ORP4C__OSBP(oxysterol binding protein)-related protein 4C 
244995_at AtCg00150 2.299 ATPI__ATPase, F0 complex, subunit A protein 
245003_at AtCg00280 2.262 PSBC__photosystem II reaction center protein C 
245048_at AtCg00040 2.261 MATK__maturase K 
246103_at At5g28640 2.233 AN3_ATGIF1_GIF_GIF1__SSXT family protein 
246432_at At5g17490 2.228 RGL3__RGA-like protein 3 
244933_at AtCg01070 2.223 NDHE__NADH-ubiquinone/plastoquinone oxidoreductase chain 4L 
255719_at At1g32080 2.219 membrane protein, putative 
260014_at At1g68010 2.208 ATHPR1_HPR__hydroxypyruvate reductase 
244974_at AtCg00700 2.192 PSBN__photosystem II reaction center protein N 
248125_at At5g54740 2.188 SESA5__seed storage albumin 5 
247284_at At5g64410 2.141 ATOPT4_OPT4__oligopeptide transporter 4 
245008_at AtCg00360 2.107 YCF3__Tetratricopeptide repeat (TPR)-like superfamily protein 
245018_at AtCg00520 2.098 YCF4__unfolded protein binding 




Table 22. The down-regulated genes by CBI-18 
Affy ID AGI ID FC Annotation 
Defense Mechanism 
250778_at At5g05500 0.246 Pollen Ole e 1 allergen and extensin family protein 
254092_at At4g25090 0.287 Riboflavin synthase-like superfamily protein 




0.288 Peroxidase superfamily protein 
257924_at At3g23190 0.303 HR-like lesion-inducing protein-related 
254025_at At4g25790 0.304 
CAP (Cysteine-rich secretory proteins, Antigen 5, and Pathogenesis-related 1 protein) 
superfamily protein 
265102_at At1g30870 0.349 Peroxidase superfamily protein 
258897_at At3g05730 0.352 Encodes a defensin-like (DEFL) family protein. 
251167_at At3g63360 0.368 defensin-related 
259276_at At3g01190 0.370 Peroxidase superfamily protein 
248979_at At5g45080 0.418 AtPP2-A6_PP2-A6__phloem protein 2-A6 
267128_at At2g23620 0.431 ATMES1_MES1__methyl esterase 1 
259365_at At1g13300 0.435 HRS1__myb-like transcription factor family protein 
249752_at At5g24660 0.455 LSU2__response to low sulfur 2 
247326_at At5g64110 0.457 Peroxidase superfamily protein 
267191_at At2g44110 0.459 ATMLO15_MLO15__Seven transmembrane MLO family protein 




0.475 Disease resistance-responsive (dirigent-like protein) family protein 
253667_at At4g30170 0.520 Peroxidase family protein 
250059_at At5g17820 0.617 Peroxidase superfamily protein 
Cell Wall-related 
251226_at At3g62680 0.234 ATPRP3_PRP3__proline-rich protein 3 
261099_at At1g62980 0.253 ATEXP18_ATEXPA18_ATHEXP ALPHA 1.25_EXP18_EXPA18__expansin A18 
251842_at At3g54580 0.268 Proline-rich extensin-like family protein 
263376_at At2g20520 0.272 FLA6__FASCICLIN-like arabinogalactan 6 
252833_at At4g40090 0.286 AGP3__arabinogalactan protein 3 
261157_at At1g34510 0.289 Peroxidase superfamily protein 
251843_x_at At3g54590 0.294 ATHRGP1_HRGP1__hydroxyproline-rich glycoprotein 
249287_at At5g41250 0.294 Exostosin family protein 
250683_x_at At5g06640 0.296 Proline-rich extensin-like family protein 
263552_x_at At2g24980 0.305 Proline-rich extensin-like family protein 
259525_at At1g12560 0.331 ATEXP7_ATEXPA7_ATHEXP ALPHA 1.26_EXP7_EXPA7__expansin A7 
250682_x_at At5g06630 0.343 proline-rich extensin-like family protein 
263566_at At2g15340 0.362 glycine-rich protein 




0.369 BGLU34_TGG4__beta glucosidase 34 
253763_at At4g28850 0.370 ATXTH26_XTH26__xyloglucan endotransglucosylase/hydrolase 26 






0.385 Glycosyl hydrolase family protein with chitinase insertion domain 
247871_at At5g57530 0.432 AtXTH12_XTH12__xyloglucan endotransglucosylase/hydrolase 12 
250488_at At5g09700 0.439 Glycosyl hydrolase family protein 
253569_at At4g31250 0.451 Leucine-rich repeat protein kinase family protein 
248652_at At5g49270 0.487 
COBL9_DER9_MRH4_SHV2__COBRA-like extracellular glycosyl-phosphatidyl inositol-
anchored protein family 
246375_at At1g51830 0.494 Leucine-rich repeat protein kinase family protein 
263232_at At1g05700 0.494 Leucine-rich repeat transmembrane protein kinase protein 
265169_x_at At1g23720 0.523 Proline-rich extensin-like family protein 
251761_at At3g55700 0.539 UDP-Glycosyltransferase superfamily protein 




0.587 AtGH9B14_GH9B14__glycosyl hydrolase 9B14 
252596_at At3g45330 0.600 Concanavalin A-like lectin protein kinase family protein 
262198_at At1g53830 0.625 ATPME2_PME2__pectin methylesterase 2 
249518_at At5g38610 0.626 Plant invertase/pectin methylesterase inhibitor superfamily protein 
266669_at At2g29750 0.629 UGT71C1__UDP-glucosyl transferase 71C1 
252452_at At3g47110 0.636 Leucine-rich repeat protein kinase family protein 
258143_at At3g18170 0.649 Glycosyltransferase family 61 protein 
264500_at At1g09370 0.661 Plant invertase/pectin methylesterase inhibitor superfamily protein 
256252_at At3g11340 0.662 UDP-Glycosyltransferase superfamily protein 
246373_at At1g51860 0.663 Leucine-rich repeat protein kinase family protein 
266785_at At2g28970 0.678 Leucine-rich repeat protein kinase family protein 
252997_at At4g38400 0.684 ATEXLA2_ATEXPL2_ATHEXP BETA 2.2_EXLA2_EXPL2__expansin-like A2 
258388_at At3g15370 0.701 ATEXP12_ATEXPA12_ATHEXP ALPHA 1.24_EXP12_EXPA12__expansin 12 
265118_at At1g62660 0.705 Glycosyl hydrolases family 32 protein 
252437_at At3g47380 0.707 Plant invertase/pectin methylesterase inhibitor superfamily protein 
249009_at At5g44610 0.739 MAP18_PCAP2__microtubule-associated protein 18 
245228_at At3g29810 0.739 COBL2__COBRA-like protein 2 precursor 
261226_at At1g20190 0.741 ATEXP11_ATEXPA11_ATHEXP ALPHA 1.14_EXP11_EXPA11__expansin 11 
246368_at At1g51890 0.742 Leucine-rich repeat protein kinase family protein 
248732_at At5g48070 0.755 ATXTH20_XTH20__xyloglucan endotransglucosylase/hydrolase 20 
Unknown Proteins 
253179_at At4g35200 0.285 Arabidopsis protein of unknown function (DUF241) 
256283_at At3g12540 0.324 Protein of unknown function, DUF547 
261778_at At1g76220 0.331 Arabidopsis protein of unknown function (DUF241) 
254031_at At4g25920 0.471 Protein of unknown function (DUF295) 
Root Hair Specific 
255516_at At4g02270 0.236 RHS13__root hair specific 13 
246991_at At5g67400 0.274 RHS19__root hair specific 19 




0.317 RHS14__root hair specific 14 
246367_at At1g51880 0.333 RHS6__root hair specific 6 
254107_at At4g25220 0.338 RHS15__root hair specific 15 
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257418_at At1g30850 0.370 RSH4__root hair specific 4 
258765_at At3g10710 0.407 RHS12__root hair specific 12 
260366_at At1g70460 0.440 RHS10__root hair specific 10 
Cysteine/Histidine C1 Domain 
249185_at At5g43030 0.321 Cysteine/Histidine-rich C1 domain family protein 
252498_at At3g46810 0.382 Cysteine/Histidine-rich C1 domain family protein 
259454_at At1g44050 0.384 Cysteine/Histidine-rich C1 domain family protein 
249186_at At5g43040 0.442 Cysteine/Histidine-rich C1 domain family protein 
267215_at At2g02630 0.472 Cysteine/Histidine-rich C1 domain family protein 
256162_at At1g55390 0.503 Cysteine/Histidine-rich C1 domain family protein 
Major Facilator Superfamily 
257668_at At3g20460 0.349 Major facilitator superfamily protein 






Major facilator superfamily protein 
Other Biological Process 
260344_at At1g69240 0.256 ATMS15- methyl esterase 15 
247581_at At5g61350 0.338 Protein kinase superfamily protein 
265439_at At2g21045 0.355 Rhodanese/Cell cycle control phosphatase superfamily protein 
265582_at At2g20030 0.365 RING/U-box superfamily protein 
246374_at At1g51840 0.374 protein kinase-related 
263098_at At2g16005 0.377 MD-2-related lipid recognition domain-containing protein 
246971_at At5g24940 0.377 Protein phosphatase 2C family protein 
252340_at At3g48920 0.381 AtMYB45_MYB45__myb domain protein 45 
261198_at At1g12940 0.381 ATNRT2.5_NRT2.5__nitrate transporter2.5 
263614_at At2g25240 0.383 Serine protease inhibitor (SERPIN) family protein 
259120_at At3g02240 0.385 RGF7__Encodes a root meristem growth factor (RGF) 
252098_at At3g51330 0.386 Eukaryotic aspartyl protease family protein 
254976_at At4g10510 0.392 Subtilase family protein 
251709_at At3g56380 0.399 ARR17_RR17__response regulator 17 
262180_at At1g78050 0.403 PGM__phosphoglycerate/bisphosphoglycerate mutase 
258145_at At3g18200 0.404 nodulin MtN21 /EamA-like transporter family protein 
255341_at At4g04500 0.405 CRK37__cysteine-rich RLK (RECEPTOR-like protein kinase) 37 
266649_at At2g25810 0.406 TIP4;1__tonoplast intrinsic protein 4;1 
258315_at At3g16175 0.416 Thioesterase superfamily protein 
245737_at At1g44160 0.422 HSP40/DnaJ peptide-binding protein 
265016_at At1g24420 0.422 HXXXD-type acyl-transferase family protein 
254313_at At4g22460 0.422 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
256935_at At3g22570 0.422 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
263950_at At2g36020 0.425 HVA22J__HVA22-like protein J 








0.440 NAD(P)-binding Rossmann-fold superfamily protein 
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256205_at At1g50890 0.440 ARM repeat superfamily protein 
256098_at At1g13700 0.442 PGL1__6-phosphogluconolactonase 1 
264029_at At2g03720 0.444 MRH6__Adenine nucleotide alpha hydrolases-like superfamily protein 
245510_at At4g15740 0.445 Calcium-dependent lipid-binding (CaLB domain) family protein 
264505_at At1g09380 0.450 nodulin MtN21 /EamA-like transporter family protein 
248723_at At5g47950 0.461 HXXXD-type acyl-transferase family protein 
260376_at At1g74110 0.468 CYP78A10__cytochrome P450, family 78, subfamily A, polypeptide 10 
259388_at At1g13420 0.469 ATST4B_ST4B__sulfotransferase 4B 
250664_at At5g07080 0.482 HXXXD-type acyl-transferase family protein 
249773_at At5g24140 0.483 SQP2__squalene monooxygenase 2 
254294_at At4g23070 0.483 ATRBL7_RBL7__RHOMBOID-like protein 7 
255342_at At4g04510 0.484 CRK38__cysteine-rich RLK (RECEPTOR-like protein kinase) 38 
262771_at At1g13200 0.486 F-box and associated interaction domains-containing protein 
259728_at At1g60970 0.492 SNARE-like superfamily protein 
248082_at At5g55400 0.493 Actin binding Calponin homology (CH) domain-containing protein 
267502_at At2g45550 0.494 CYP76C4__cytochrome P450, family 76, subfamily C, polypeptide 4 
262865_at At1g64930 0.496 CYP89A7__cytochrome P450, family 87, subfamily A, polypeptide 7 























Table 23. The up-regulated genes by CBI-22 
 
Affy ID AGI ID FC Annotation 
Defense Mechanism 
247691_at At5g59720 4.256 HSP18.2__heat shock protein 18.2 
263320_at At2g47180 4.052 AtGolS1_GolS1__galactinol synthase 1 
263150_at At1g54050 4.017 HSP20-like chaperones superfamily protein 
250296_at At5g12020 3.942 HSP17.6II__17.6 kDa class II heat shock protein 
253884_at At4g27670 3.837 HSP21__heat shock protein 21 
262148_at At1g52560 3.789 HSP20-like chaperones superfamily protein 
256527_at At1g66100 3.551 Plant thionin 
250207_at At5g13930 3.426 ATCHS_CHS_TT4__Chalcone and stilbene synthase family protein 
260978_at At1g53540 3.371 HSP20-like chaperones superfamily protein 
264899_at At1g23130 2.876 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
266141_at At2g02120 2.829 LCR70_PDF2.1__Scorpion toxin-like knottin superfamily protein 
253767_at At4g28520 2.811 CRC_CRU3__cruciferin 3 
266294_at At2g29500 2.774 HSP20-like chaperones superfamily protein 
255811_at At4g10250 2.743 ATHSP22.0__HSP20-like chaperones superfamily protein 
262307_at At1g71000 2.702 Chaperone DnaJ-domain superfamily protein 
267336_at At2g19310 2.635 HSP20-like chaperones superfamily protein 
266590_at At2g46240 2.512 ATBAG6_BAG6__BCL-2-associated athanogene 6 
254283_s_at At4g22870 At4g22880 2.293 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
258434_at At3g16770 2.224 ATEBP_EBP_ERF72_RAP2.3__ethylene-responsive element binding protein 
261838_at At1g16030 2.219 Hsp70b__heat shock protein 70B 
262325_at At1g64160 2.089 Disease resistance-responsive (dirigent-like protein) family protein 
246990_at At5g67360 2.080 ARA12__Subtilase family protein 
253922_at At4g26850 2.049 VTC2__mannose-1-phosphate guanylyltransferase  
265675_at At2g32120 2.047 HSP70T-2__heat-shock protein 70T-2 
Cell Wall 
265511_at At2g05540 2.729 Glycine-rich protein family 
266393_at At2g41260 2.573 ATM17_M17__glycine-rich protein / late embryogenesis abundant protein (M17) 
257205_at At3g16520 2.054 UGT88A1__UDP-glucosyl transferase 88A1 
259558_at At1g21230 1.994 WAK5__wall associated kinase 5 
252957_at At4g38680 1.785 ATCSP2_CSDP2_CSP2_GRP2__glycine rich protein 2 
252450_s_at At3g47090 At3g47580 1.683 Leucine-rich repeat protein kinase family protein 
248622_at At5g49360 1.652 ATBXL1_BXL1__beta-xylosidase 1 
248185_at At5g54060 1.600 UF3GT__UDP-glucose:flavonoid 3-o-glucosyltransferase 
256825_at At3g22120 1.569 CWLP__cell wall-plasma membrane linker protein 
257974_at At3g20820 1.563 Leucine-rich repeat (LRR) family protein 
266340_at At2g01480 1.561 O-fucosyltransferase family protein 
260181_at At1g70710 1.507 ATGH9B1_CEL1_GH9B1__glycosyl hydrolase 9B1 
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248590_at At5g49660 1.483 Leucine-rich repeat transmembrane protein kinase family protein 
251356_at At3g61060 1.444 AtPP2-A13_PP2-A13__phloem protein 2-A13 
262118_at At1g02850 1.422 BGLU11__beta glucosidase 11 
260914_at At1g02640 1.421 ATBXL2_BXL2__beta-xylosidase 2 
246468_at At5g17050 1.411 UGT78D2__UDP-glucosyl transferase 78D2 
264245_at At1g60450 1.403 AtGolS7_GolS7__galactinol synthase 7 
258167_at At3g21560 1.393 UGT84A2__UDP-Glycosyltransferase superfamily protein 
261518_at At1g71695 1.379 Peroxidase superfamily protein 
245318_at At4g16980 1.379 arabinogalactan-protein family 
264977_at At1g27090 1.373 glycine-rich protein 
256033_at At1g07250 1.369 UGT71C4__UDP-glucosyl transferase 71C4 
247298_at At5g63840 1.310 PSL5_RSW3__Glycosyl hydrolases family 31 protein 
264873_at At1g24100 1.305 UGT74B1__UDP-glucosyl transferase 74B1 
261266_at At1g26770 1.301 ATEXPA10_EXP10_EXPA10__expansin A10 
 
   
Unknown Protein 
257318_at At2g07777 AtMg01090 3.348 unknown protein 
244926_s_at At2g07712 AtMg00520 3.342 unknown protein 




2.481 unknown protein 
245243_at At1g44414 2.356 unknown protein 
244906_at AtMg00690 2.331 ORF240A__hypothetical protein 
258935_at At3g10120 2.268 unknown protein 
258939_at At3g10020 2.244 unknown protein 
244903_at AtMg00660 2.192 ORF149__hypothetical protein 
244923_s_at AtMg01020 2.100 ORF153B__hypothetical protein 
244953_s_at At2g07731 AtMg00270 2.070 unknown protein 
257334_at AtMg01370 2.056 ORF111D__hypothetical protein 
244951_s_at At2g07723 AtMg00180 2.036 unknown protein 
 Electron Transport  and Energy Pathway 
265233_s_at At2g07718 AtMg00590 2.947 Cytochrome b/b6 protein 
244962_at AtCg01050 2.781 NDHD__NADH-Ubiquinone/plastoquinone (complex I) protein 
245017_at AtCg00510 2.510 PSAI__photsystem I subunit I 
245003_at AtCg00280 2.397 PSBC__photosystem II reaction center protein C 
244920_s_at At2g07751 AtMg00990 2.343 NADH:ubiquinone/plastoquinone oxidoreductase, chain 3 protein 
245007_at AtCg00350 2.240 PSAA__Photosystem I, PsaA/PsaB protein 
244936_at AtCg01100 2.128 NDHA__NADH dehydrogenase family protein 
244902_at AtMg00650 2.089 NAD4L__NADH dehydrogenase subunit 4L 
245025_at AtCg00130 2.001 ATPF__ATPase, F0 complex, subunit B/B', bacterial/chloroplast 
Protein Metabolism 
244944_s_at AtMg00080 AtMg00090 2.657 RPL16__ribosomal protein L16 
247023_at At5g67060 2.554 HEC1__basic helix-loop-helix (bHLH) DNA-binding superfamily protein 
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263502_s_at At2g07675 AtMg00980 2.337 Ribosomal protein S12/S23 family protein 
251838_at At3g54940 2.258 Papain family cysteine protease 
244996_at AtCg00160 2.255 RPS2__ribosomal protein S2 
245244_at At1g44350 2.116 ILL6__IAA-leucine resistant (ILR)-like gene 6 
245015_at AtCg00490 2.043 RBCL__ribulose-bisphosphate carboxylases 
Other Biological Process 
245171_at At2g47560 3.470 RING/U-box superfamily protein 
256159_at At1g30135 3.447 JAZ8_TIFY5A__jasmonate-zim-domain protein 8 
259866_at At1g76640 3.446 Calcium-binding EF-hand family protein 
260205_at At1g70700 3.350 JAZ9_TIFY7__TIFY domain/Divergent CCT motif family protein 
244998_at AtCg00180 3.117 RPOC1__DNA-directed RNA polymerase family protein 
244997_at AtCg00170 2.799 RPOC2__DNA-directed RNA polymerase family protein 
260221_at At1g74670 2.717 Gibberellin-regulated family protein 
245016_at AtCg00500 2.643 ACCD__acetyl-CoA carboxylase carboxyl transferase subunit beta 
259913_at At1g72660 2.622 P-loop containing nucleoside triphosphate hydrolases superfamily protein 
261957_at At1g64660 2.448 ATMGL_MGL__methionine gamma-lyase 
265111_at At1g62510 2.406 
Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily 
protein 
257832_at At3g26740 2.298 CCL__CCR-like 
247284_at At5g64410 2.281 ATOPT4_OPT4__oligopeptide transporter 4 
245048_at AtCg00040 2.237 MATK__maturase K 
260881_at At1g21550 2.221 Calcium-binding EF-hand family protein 
245018_at AtCg00520 2.212 YCF4__unfolded protein binding 
245008_at AtCg00360 2.185 YCF3__Tetratricopeptide repeat (TPR)-like superfamily protein 
258179_at At3g21690 2.117 MATE efflux family protein 
245019_at AtCg00530 2.096 YCF10__CemA-like proton extrusion protein-related 















Table 24. The down-regulated genes by CBI-22 
Affy ID AGI ID FC Annotation 
Defense Mechanism 
250778_at At5g05500 0.300 Pollen Ole e 1 allergen and extensin family protein 
261157_at At1g34510 0.304 Peroxidase superfamily protein 
254092_at At4g25090 0.315 Riboflavin synthase-like superfamily protein 




0.391 Peroxidase superfamily protein 
254025_at At4g25790 0.391 Cysteine-rich secretory proteins, Antigen 5, and Pathogenesis-related 1 protein 
257382_at At2g40750 0.392 ATWRKY54_WRKY54__WRKY DNA-binding protein 54 
258897_at At3g05730 0.394 Encodes a defensin-like (DEFL) family protein. 
265155_at At1g30990 0.409 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
263754_at At2g21510 0.429 DNAJ heat shock N-terminal domain-containing protein 
248979_at At5g45080 0.436 AtPP2-A6_PP2-A6__phloem protein 2-A6 
245737_at At1g44160 0.440 HSP40/DnaJ peptide-binding protein 
257924_at At3g23190 0.441 HR-like lesion-inducing protein-related 
267128_at At2g23620 0.442 ATMES1_MES1__methyl esterase 1 
253667_at At4g30170 0.452 Peroxidase family protein 
251231_at At3g62760 0.464 ATGSTF13__Glutathione S-transferase family protein 
259276_at At3g01190 0.473 Peroxidase superfamily protein 
262838_at At1g14960 0.500 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
Cell Wall 
263376_at At2g20520 0.263 FLA6__FASCICLIN-like arabinogalactan 6 
251226_at At3g62680 0.271 ATPRP3_PRP3__proline-rich protein 3 
251842_at At3g54580 0.290 Proline-rich extensin-like family protein 
261099_at At1g62980 0.293 ATEXP18_EXP18_EXPA18__expansin A18 
249287_at At5g41250 0.315 Exostosin family protein 
263566_at At2g15340 0.359 glycine-rich protein 
259525_at At1g12560 0.363 ATEXP7_EXP7_EXPA7__expansin A7 




0.392 BGLU34_TGG4__beta glucosidase 34 
263552_x_at At2g24980 0.397 Proline-rich extensin-like family protein 
253763_at At4g28850 0.413 ATXTH26_XTH26__xyloglucan endotransglucosylase/hydrolase 26 
247914_at At5g57540 0.423 AtXTH13_XTH13__xyloglucan endotransglucosylase/hydrolase 13 
251843_x_at At3g54590 0.427 ATHRGP1_HRGP1__hydroxyproline-rich glycoprotein 
250683_x_at At5g06640 0.435 Proline-rich extensin-like family protein 
254044_at At4g25820 0.437 ATXTH14_XTH14_XTR9__xyloglucan endotransglucosylase/hydrolase 14 
253569_at At4g31250 0.446 Leucine-rich repeat protein kinase family protein 
264500_at At1g09370 0.479 Plant invertase/pectin methylesterase inhibitor superfamily protein 
251761_at At3g55700 0.479 UDP-Glycosyltransferase superfamily protein 
248652_at At5g49270 0.521 




253800_at At4g28160 0.542 hydroxyproline-rich glycoprotein family protein 
247871_at At5g57530 0.546 AtXTH12_XTH12__xyloglucan endotransglucosylase/hydrolase 12 
250488_at At5g09700 0.562 Glycosyl hydrolase family protein 
246375_at At1g51830 0.589 Leucine-rich repeat protein kinase family protein 
266669_at At2g29750 0.593 UGT71C1__UDP-glucosyl transferase 71C1 
249037_at At5g44130 0.610 FLA13__FASCICLIN-like arabinogalactan protein 13 precursor 
265118_at At1g62660 0.634 Glycosyl hydrolases family 32 protein 
265169_x_at At1g23720 0.635 Proline-rich extensin-like family protein 
252452_at At3g47110 0.648 Leucine-rich repeat protein kinase family protein 
246373_at At1g51860 0.659 Leucine-rich repeat protein kinase family protein 
258388_at At3g15370 0.681 ATEXP12_EXP12_EXPA12__expansin 12 
267388_at At2g44450 0.684 BGLU15__beta glucosidase 15 
247383_at At5g63410 0.689 Leucine-rich repeat protein kinase family protein 
252437_at At3g47380 0.706 Plant invertase/pectin methylesterase inhibitor superfamily protein 
259442_at At1g02310 0.713 MAN1__Glycosyl hydrolase superfamily protein 
256252_at At3g11340 0.728 UDP-Glycosyltransferase superfamily protein 
249518_at At5g38610 0.732 Plant invertase/pectin methylesterase inhibitor superfamily protein 
247186_at At5g65470 0.733 O-fucosyltransferase family protein 
245056_at At2g26480 0.736 UGT76D1__UDP-glucosyl transferase 76D1 
255622_at At4g01070 0.751 GT72B1_UGT72B1__UDP-Glycosyltransferase superfamily protein 
247753_at At5g59070 0.751 UDP-Glycosyltransferase superfamily protein 
255695_at At4g00080 0.756 UNE11__Plant invertase/pectin methylesterase inhibitor superfamily protein 
248732_at At5g48070 0.757 ATXTH20_XTH20__xyloglucan endotransglucosylase/hydrolase 20 
251427_at At3g60130 0.769 BGLU16__beta glucosidase 16 
Root Hair 
255516_at At4g02270 0.245 RHS13__root hair specific 13 
246991_at At5g67400 0.267 RHS19__root hair specific 19 
264029_at At2g03720 0.326 MRH6__Adenine nucleotide alpha hydrolases-like superfamily protein 




0.345 RHS14__root hair specific 14 
261550_at At1g63450 0.348 RHS8__root hair specific 8 
257418_at At1g30850 0.383 RSH4__root hair specific 4 
253244_at At4g34580 0.386 COW1_SRH1__Sec14p-like phosphatidylinositol transfer family protein 
254107_at At4g25220 0.409 RHS15__root hair specific 15 
260366_at At1g70460 0.476 RHS10__root hair specific 10 
Cysteine/Histidine-rich C1 Domain 
249185_at At5g43030 0.358 Cysteine/Histidine-rich C1 domain family protein 
259454_at At1g44050 0.404 Cysteine/Histidine-rich C1 domain family protein 
252498_at At3g46810 0.463 Cysteine/Histidine-rich C1 domain family protein 
267215_at At2g02630 0.492 Cysteine/Histidine-rich C1 domain family protein 
258540_at At3g06990 0.542 Cysteine/Histidine-rich C1 domain family protein 
Other Biological Process 
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260344_at At1g69240 0.293 ATMES15_MES15_RHS9__methyl esterase 15 
265582_at At2g20030 0.329 RING/U-box superfamily protein 
258145_at At3g18200 0.358 nodulin MtN21 /EamA-like transporter family protein 
246971_at At5g24940 0.367 Protein phosphatase 2C family protein 
251709_at At3g56380 0.374 ARR17_RR17__response regulator 17 
263098_at At2g16005 0.374 MD-2-related lipid recognition domain-containing protein 
261778_at At1g76220 0.388 Arabidopsis protein of unknown function (DUF241) 
253179_at At4g35200 0.396 Arabidopsis protein of unknown function (DUF241) 
252340_at At3g48920 0.396 AtMYB45_MYB45__myb domain protein 45 
259388_at At1g13420 0.399 ATST4B_ST4B__sulfotransferase 4B 
256098_at At1g13700 0.410 PGL1__6-phosphogluconolactonase 1 
263950_at At2g36020 0.414 HVA22J__HVA22-like protein J 
254313_at At4g22460 0.418 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
248931_at At5g46040 0.425 Major facilitator superfamily protein 
256935_at At3g22570 0.426 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
248723_at At5g47950 0.429 HXXXD-type acyl-transferase family protein 




0.441 NAD(P)-binding Rossmann-fold superfamily protein 
257481_at At1g08430 0.454 ALMT1_ATALMT1__aluminum-activated malate transporter 1 
265016_at At1g24420 0.459 HXXXD-type acyl-transferase family protein 
256205_at At1g50890 0.465 ARM repeat superfamily protein 
264505_at At1g09380 0.466 nodulin MtN21 /EamA-like transporter family protein 
249848_at At5g23220 0.474 NIC3__nicotinamidase 3 
261198_at At1g12940 0.476 ATNRT2.5_NRT2.5__nitrate transporter2.5 
246374_at At1g51840 0.482 protein kinase-related 
252537_at At3g45710 0.483 Major facilitator superfamily protein 
253617_at At4g30410 0.500 sequence-specific DNA binding transcription factors 














Table 25. The up-regulated genes by CBI-27 
Affy ID AGI ID FC Annotation 
Defense Mechanism 
250207_at At5g13930 3.831 ATCHS_CHS_TT4__Chalcone and stilbene synthase family protein 
262609_at At1g13930 3.618 Involved in response to salt stress. Knockout mutants are hypersensitive to salt stress. 
249215_at At5g42800 3.481 DFR_M318_TT3__dihydroflavonol 4-reductase 
264899_at At1g23130 3.221 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
251031_at At5g02120 3.204 OHP__one helix protein 
266141_at At2g02120 3.163 LCR70_PDF2.1__Scorpion toxin-like knottin superfamily protein 
263875_at At2g21970 2.874 SEP2__stress enhanced protein 2 
255807_at At4g10270 2.462 Wound-responsive family protein 
265569_at At2g05620 2.430 PGR5__proton gradient regulated 5 
251827_at At3g55120 2.229 A11_CFI_TT5__Chalcone-flavanone isomerase family protein 
262970_at At1g75690 2.221 DnaJ/Hsp40 cysteine-rich domain superfamily protein 
249007_at At5g44650 2.113 
AtCEST_CEST__Encodes a chloroplast protein that induces tolerance to multiple environmental 
stresses and reduces photooxidative damage. 
258434_at At3g16770 2.156 ATEBP_EBP_ERF72_RAP2.3__ethylene-responsive element binding protein 
255720_at At1g32060 2.113 PRK__phosphoribulokinase 
248873_at At5g46450 2.099 Disease resistance protein (TIR-NBS-LRR class) family 
261751_at At1g76080 2.072 ATCDSP32_CDSP32__chloroplastic drought-induced stress protein of 32 kD 
264508_at At1g09570 2.071 FHY2_FRE1_HY8_PHYA__phytochrome A 
258398_at At3g15360 2.064 ATHM4_ATM4_TRX-M4__thioredoxin M-type 4 
253009_at At4g37930 2.055 SHM1_SHMT1_STM__serine transhydroxymethyltransferase 1 
Cell Wall 
265511_at At2g05540 2.577 Glycine-rich protein family 
266393_at At2g41260 2.508 ATM17_M17__glycine-rich protein / late embryogenesis abundant protein (M17) 
257297_at At3g28040 2.416 Leucine-rich receptor-like protein kinase family protein 
253922_at At4g26850 2.273 VTC2__mannose-1-phosphate guanylyltransferasegalactose:mannose-1 
257205_at At3g16520 2.114 UGT88A1__UDP-glucosyl transferase 88A1 
259558_at At1g21230 1.907 WAK5__wall associated kinase 5 
256825_at At3g22120 1.841 CWLP__cell wall-plasma membrane linker protein 
265051_at At1g52100 1.829 Mannose-binding lectin superfamily protein 
257974_at At3g20820 1.787 Leucine-rich repeat (LRR) family protein 
262844_at At1g14890 1.785 Plant invertase/pectin methylesterase inhibitor superfamily protein 
261230_at At1g20010 1.715 TUB5__tubulin beta-5 chain 
249174_at At5g42900 1.684 COR27__cold regulated gene 27 
247266_at At5g64570 1.594 ATBXL4_XYL4__beta-D-xylosidase 4 
245318_at At4g16980 1.578 arabinogalactan-protein family 
245166_at At2g33170 1.553 Leucine-rich repeat receptor-like protein kinase family protein 
246468_at At5g17050 1.528 UGT78D2__UDP-glucosyl transferase 78D2 
248590_at At5g49660 1.500 Leucine-rich repeat transmembrane protein kinase family protein 
261518_at At1g71695 1.490 Peroxidase superfamily protein 
265197_at At2g36750 1.463 UGT73C1__UDP-glucosyl transferase 73C1 
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260181_at At1g70710 1.460 ATGH9B1_CEL1_GH9B1__glycosyl hydrolase 9B1 
251356_at At3g61060 1.456 AtPP2-A13_PP2-A13__phloem protein 2-A13 
254551_at At4g19840 1.450 ATPP2-A1_ATPP2A-1_PP2-A1__phloem protein 2-A1 
252607_at At3g44990 1.398 ATXTR8_XTH31_XTR8__xyloglucan endo-transglycosylase-related 8 
245688_at At1g28290 1.390 AGP31__arabinogalactan protein 31 
266950_at At2g18910 1.383 hydroxyproline-rich glycoprotein family protein 
259384_at At3g16450 1.378 Mannose-binding lectin superfamily protein 
258369_at At3g14310 1.351 ATPME3_PME3__pectin methylesterase 3 
256033_at At1g07250 1.348 UGT71C4__UDP-glucosyl transferase 71C4 
250272_at At5g13000 1.346 ATGSL12_gsl12_GSL12__glucan synthase-like 12 
262118_at At1g02850 1.340 BGLU11__beta glucosidase 11 
258151_at At3g18080 1.321 BGLU44__B-S glucosidase 44 
Unknown Proteins 
265481_at At2g15960 2.854 unknown protein 
251036_at At5g02160 2.815 unknown protein 
252463_at At3g47070 2.732 unknown protein 
257510_at At1g55360 2.642 Protein of Unknown Function (DUF239) 
258935_at At3g10120 2.401 unknown protein 
254187_at At4g23890 2.269 unknown protein 
250563_at At5g08050 2.025 Protein of unknown function (DUF1118) 
259838_at At1g52220 2.005 unknown protein 




2.873 Cytochrome b/b6 protein 
247320_at At5g64040 2.864 PSAN__photosystem I reaction center subunit PSI-N, chloroplast 
256015_at At1g19150 2.795 LHCA2*1_LHCA6__photosystem I light harvesting complex gene 6 
252130_at At3g50820 2.688 OEC33_PSBO-2_PSBO2__photosystem II subunit O-2 
261422_at At1g18730 2.527 NDF6__NDH dependent flow 6 
261788_at At1g15980 2.426 NDF1_NDH48__NDH-dependent cyclic electron flow 1 
245003_at AtCg00280 2.321 PSBC__photosystem II reaction center protein C 
266265_at At2g29340 2.072 NAD-dependent epimerase/dehydratase family protein 
261769_at At1g76100 2.046 PETE1__plastocyanin 1 
Other Biological Process 
257832_at At3g26740 3.357 CCL__CCR-like 
260221_at At1g74670 3.318 Gibberellin-regulated family protein 
250083_at At5g17220 3.308 ATGSTF12_GST26_GSTF12_TT19__glutathione S-transferase phi 12 
263761_at At2g21330 3.286 FBA1__fructose-bisphosphate aldolase 1 
251218_at At3g62410 2.988 CP12-2__CP12 domain-containing protein 2 
252092_at At3g51420 2.975 ATSSL4_SSL4__strictosidine synthase-like 4 
264185_at At1g54780 2.815 TLP18.3__thylakoid lumen 18.3 kDa protein 




2.795 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
253943_at At4g27030 2.769 FAD4_FADA__fatty acid desaturase A 
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247951_at At5g57240 2.762 ORP4C__OSBP(oxysterol binding protein)-related protein 4C 
260014_at At1g68010 2.618 ATHPR1_HPR__hydroxypyruvate reductase 
265111_at At1g62510 2.560 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
245347_at At4g14890 2.545 2Fe-2S ferredoxin-like superfamily protein 
255719_at At1g32080 2.408 membrane protein, putative 




2.374 RPL16__ribosomal protein L16 
256914_at At3g23880 2.327 F-box and associated interaction domains-containing protein 
248427_at At5g51750 2.321 ATSBT1.3_SBT1.3__subtilase 1.3 
261957_at At1g64660 2.309 ATMGL_MGL__methionine gamma-lyase 
253922_at At4g26850 2.273 VTC2__mannose-1-phosphate guanylyltransferasegalactose:mannose-1 
258804_at At3g04760 2.253 Pentatricopeptide repeat (PPR-like) superfamily protein 
246548_at At5g14910 2.252 Heavy metal transport/detoxification superfamily protein 
252115_at At3g51600 2.250 LTP5__lipid transfer protein 5 
263736_at At1g60000 2.230 RNA-binding (RRM/RBD/RNP motifs) family protein 
259909_at At1g60870 2.219 MEE9__maternal effect embryo arrest 9 




2.194 ATHOL1_HOL1__HARMLESS TO OZONE LAYER 1 
244997_at AtCg00170 2.121 RPOC2__DNA-directed RNA polymerase family protein 
258223_at At3g15840 2.104 PIFI__post-illumination chlorophyll fluorescence increase 
249427_at At5g39850 2.091 Ribosomal protein S4 
254105_at At4g25080 2.077 CHLM__magnesium-protoporphyrin IX methyltransferase 
264575_at At1g05190 2.057 emb2394__Ribosomal protein L6 family 
253421_at At4g32340 2.043 Tetratricopeptide repeat (TPR)-like superfamily protein 
251838_at At3g54940 2.029 Papain family cysteine protease 















Table 26. The down-regulated genes by CBI-27 
Affy ID AGI ID FC Annotation 
Defense Mechanism 
261157_at At1g34510 0.293 Peroxidase superfamily protein 
250778_at At5g05500 0.315 Pollen Ole e 1 allergen and extensin family protein 
254092_at At4g25090 0.317 Riboflavin synthase-like superfamily protein 
254025_at At4g25790 0.362 
CAP (Cysteine-rich secretory proteins, Antigen 5, and Pathogenesis-related 1 protein) 
superfamily protein 
265102_at At1g30870 0.364 Peroxidase superfamily protein 
252515_at At3g46230 0.397 ATHSP17.4_HSP17.4__heat shock protein 17.4 




0.417 Peroxidase superfamily protein 




0.440 Disease resistance-responsive (dirigent-like protein) family protein 
254059_at At4g25200 0.452 ATHSP23.6-MITO_HSP23.6-MITO__mitochondrion-localized small heat shock protein 23.6 
265155_at At1g30990 0.470 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
262838_at At1g14960 0.478 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
256999_at At3g14200 0.495 Chaperone DnaJ-domain superfamily protein 
Cell Wall Biogenesis 
251226_at At3g62680 0.247 ATPRP3_PRP3__proline-rich protein 3 
251842_at At3g54580 0.265 Proline-rich extensin-like family protein 
252833_at At4g40090 0.289 AGP3__arabinogalactan protein 3 
261099_at At1g62980 0.293 ATEXP18_ATEXPA18_ATHEXP ALPHA 1.25_EXP18_EXPA18__expansin A18 




0.361 BGLU34_TGG4__beta glucosidase 34 
250683_x_at At5g06640 0.365 Proline-rich extensin-like family protein 
259525_at At1g12560 0.386 ATEXP7_ATEXPA7_ATHEXP ALPHA 1.26_EXP7_EXPA7__expansin A7 
254044_at At4g25820 0.389 ATXTH14_XTH14_XTR9__xyloglucan endotransglucosylase/hydrolase 14 
263552_x_at At2g24980 0.399 Proline-rich extensin-like family protein 
247914_at At5g57540 0.443 AtXTH13_XTH13__xyloglucan endotransglucosylase/hydrolase 13 
248652_at At5g49270 0.449 
COBL9_DER9_MRH4_SHV2__COBRA-like extracellular glycosyl-phosphatidyl inositol-
anchored protein family 
263566_at At2g15340 0.453 glycine-rich protein 
251843_x_at At3g54590 0.454 ATHRGP1_HRGP1__hydroxyproline-rich glycoprotein 
264617_at At2g17660 0.506 RPM1-interacting protein 4 (RIN4) family protein 
247871_at At5g57530 0.534 AtXTH12_XTH12__xyloglucan endotransglucosylase/hydrolase 12 
253800_at At4g28160 0.568 hydroxyproline-rich glycoprotein family protein 
251761_at At3g55700 0.586 UDP-Glycosyltransferase superfamily protein 
253667_at At4g30170 0.596 Peroxidase family protein 
264500_at At1g09370 0.616 Plant invertase/pectin methylesterase inhibitor superfamily protein 
259442_at At1g02310 0.617 MAN1__Glycosyl hydrolase superfamily protein 
266669_at At2g29750 0.630 UGT71C1__UDP-glucosyl transferase 71C1 
267388_at At2g44450 0.644 BGLU15__beta glucosidase 15 
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250488_at At5g09700 0.644 Glycosyl hydrolase family protein 
265169_x_at At1g23720 0.651 Proline-rich extensin-like family protein 
260568_at At2g43570 0.651 CHI__chitinase, putative 
264007_at At2g21140 0.666 ATPRP2_PRP2__proline-rich protein 2 
249037_at At5g44130 0.676 FLA13__FASCICLIN-like arabinogalactan protein 13 precursor 
246375_at At1g51830 0.677 Leucine-rich repeat protein kinase family protein 
253238_at At4g34480 0.682 O-Glycosyl hydrolases family 17 protein 
259173_at At3g03640 0.682 BGLU25_GLUC__beta glucosidase 25 
258388_at At3g15370 0.683 ATEXP12_ATEXPA12_ATHEXP ALPHA 1.24_EXP12_EXPA12__expansin 12 
252452_at At3g47110 0.683 Leucine-rich repeat protein kinase family protein 
256252_at At3g11340 0.685 UDP-Glycosyltransferase superfamily protein 
255622_at At4g01070 0.697 GT72B1_UGT72B1__UDP-Glycosyltransferase superfamily protein 
247186_at At5g65470 0.702 O-fucosyltransferase family protein 
247866_at At5g57550 0.708 XTH25_XTR3__xyloglucan endotransglucosylase/hydrolase 25 
252437_at At3g47380 0.721 Plant invertase/pectin methylesterase inhibitor superfamily protein 
252997_at At4g38400 0.724 ATEXLA2_ATEXPL2_ATHEXP BETA 2.2_EXLA2_EXPL2__expansin-like A2 
261226_at At1g20190 0.727 ATEXP11_ATEXPA11_ATHEXP ALPHA 1.14_EXP11_EXPA11__expansin 11 
265118_at At1g62660 0.744 Glycosyl hydrolases family 32 protein 
249375_at At5g40730 0.747 AGP24_ATAGP24__arabinogalactan protein 24 
249518_at At5g38610 0.753 Plant invertase/pectin methylesterase inhibitor superfamily protein 
247253_at At5g64790 0.754 O-Glycosyl hydrolases family 17 protein 
264685_at At1g65610 0.756 ATGH9A2_KOR2__Six-hairpin glycosidases superfamily protein 
245544_at At4g15270 0.761 glucosyltransferase-related 
263207_at At1g10550 0.764 XET_XTH33__xyloglucan:xyloglucosyl transferase 33 
248074_at At5g55730 0.765 FLA1__FASCICLIN-like arabinogalactan 1 
246373_at At1g51860 0.766 Leucine-rich repeat protein kinase family protein 
248252_at At5g53250 0.767 AGP22_ATAGP22__arabinogalactan protein 22 
259915_at At1g72790 0.769 hydroxyproline-rich glycoprotein family protein 
Root Hair Specific 
246991_at At5g67400 0.259 RHS19__root hair specific 19 
255516_at At4g02270 0.297 RHS13__root hair specific 13 




0.361 RHS14__root hair specific 14 
261550_at At1g63450 0.382 RHS8__root hair specific 8 
246367_at At1g51880 0.396 RHS6__root hair specific 6 
254107_at At4g25220 0.401 RHS15__root hair specific 15 
260366_at At1g70460 0.430 RHS10__root hair specific 10 
258765_at At3g10710 0.441 RHS12__root hair specific 12 
Unknown Proteins 
253179_at At4g35200 0.355 Arabidopsis protein of unknown function (DUF241) 
256283_at At3g12540 0.361 Protein of unknown function, DUF547 
261778_at At1g76220 0.397 Arabidopsis protein of unknown function (DUF241) 
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254031_at At4g25920 0.456 Protein of unknown function (DUF295) 
Other Biological Process 
260344_at At1g69240 0.272 ATMES15_MES15_RHS9__methyl esterase 15 
265582_at At2g20030 0.292 RING/U-box superfamily protein 
249185_at At5g43030 0.298 Cysteine/Histidine-rich C1 domain family protein 
264029_at At2g03720 0.308 MRH6__Adenine nucleotide alpha hydrolases-like superfamily protein 
256009_at At1g19210 0.330 Integrase-type DNA-binding superfamily protein 
258145_at At3g18200 0.338 nodulin MtN21 /EamA-like transporter family protein 
249287_at At5g41250 0.353 Exostosin family protein 
263098_at At2g16005 0.357 MD-2-related lipid recognition domain-containing protein 
264272_at At1g60280 0.360 ANAC023_NAC023__NAC domain containing protein 23 
247581_at At5g61350 0.391 Protein kinase superfamily protein 
249848_at At5g23220 0.392 NIC3__nicotinamidase 3 
251231_at At3g62760 0.402 ATGSTF13__Glutathione S-transferase family protein 
265016_at At1g24420 0.404 HXXXD-type acyl-transferase family protein 
248931_at At5g46040 0.409 Major facilitator superfamily protein 
251709_at At3g56380 0.410 ARR17_RR17__response regulator 17 
266176_at At2g02250 0.414 AtPP2-B2_PP2-B2__phloem protein 2-B2 
254313_at At4g22460 0.418 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
264505_at At1g09380 0.422 nodulin MtN21 /EamA-like transporter family protein 
258133_at At3g24500 0.424 ATMBF1C_MBF1C__multiprotein bridging factor 1C 
261984_at At1g33760 0.428 Integrase-type DNA-binding superfamily protein 
267128_at At2g23620 0.430 ATMES1_MES1__methyl esterase 1 
252340_at At3g48920 0.434 AtMYB45_MYB45__myb domain protein 45 




0.452 RmlC-like cupins superfamily protein 
259454_at At1g44050 0.457 Cysteine/Histidine-rich C1 domain family protein 
245510_at At4g15740 0.467 Calcium-dependent lipid-binding (CaLB domain) family protein 
248723_at At5g47950 0.475 HXXXD-type acyl-transferase family protein 
262771_at At1g13200 0.479 F-box and associated interaction domains-containing protein 
263950_at At2g36020 0.484 HVA22J__HVA22-like protein J 
257481_at At1g08430 0.484 ALMT1_ATALMT1__aluminum-activated malate transporter 1 
266232_at At2g02310 0.485 AtPP2-B6_PP2-B6__phloem protein 2-B6 
245689_at At5g04120 0.487 Phosphoglycerate mutase family protein 









Table 27. The up-regulated genes by isoxaben 




At5g24780 4.740 ATVSP2_VSP2__vegetative storage protein 2 
250207_at At5g13930 4.512 ATCHS_CHS_TT4__Chalcone and stilbene synthase family protein 
255937_at At1g12610 4.356 DDF1__Integrase-type DNA-binding superfamily protein 
253884_at At4g27670 4.235 HSP21__heat shock protein 21 
263150_at At1g54050 4.232 HSP20-like chaperones superfamily protein 
262609_at At1g13930 4.172 Involved in response to salt stress. Knockout mutants are hypersensitive to salt stress. 
247600_at At5g60890 4.036 ATMYB34_ATR1_MYB34__myb domain protein 34 
245628_at At1g56650 4.017 ATMYB75_MYB75_PAP1_SIAA1__production of anthocyanin pigment 1 
250296_at At5g12020 3.989 HSP17.6II__17.6 kDa class II heat shock protein 
255786_at At1g19670 3.977 ATCLH1_ATHCOR1_CLH1_CORI1__chlorophyllase 1 
263320_at At2g47180 3.900 AtGolS1_GolS1__galactinol synthase 1 
252618_at At3g45140 3.896 ATLOX2_LOX2__lipoxygenase 2 
259366_at At1g13280 3.607 AOC4__allene oxide cyclase 4 
260541_at At2g43530 3.563 Scorpion toxin-like knottin superfamily protein 
262148_at At1g52560 3.500 HSP20-like chaperones superfamily protein 
255811_at At4g10250 3.329 ATHSP22.0__HSP20-like chaperones superfamily protein 
262629_at At1g06460 3.311 ACD31.2_ACD32.1__alpha-crystallin domain 32.1 
258321_at At3g22840 3.304 ELIP_ELIP1__Chlorophyll A-B binding family protein 
255795_at At2g33380 3.302 CLO-3_RD20__Caleosin-related family protein 
266141_at At2g02120 3.290 LCR70_PDF2.1__Scorpion toxin-like knottin superfamily protein 
258139_at At3g24520 3.284 AT-HSFC1_HSFC1__heat shock transcription factor C1 
253922_at At4g26850 3.248 1-phosphate guanylyltransferases;GDP-galactose:glucose- 
258240_at At3g27660 3.224 OLE3_OLEO4__oleosin 4 
247943_at At5g57170 3.170 Tautomerase/MIF superfamily protein 
263753_at At2g21490 3.127 LEA__dehydrin LEA 
264052_at At2g22330 3.122 CYP79B3__cytochrome P450, family 79, subfamily B, polypeptide 3 
247691_at At5g59720 3.104 HSP18.2__heat shock protein 18.2 
260978_at At1g53540 3.089 HSP20-like chaperones superfamily protein 
263875_at At2g21970 3.086 SEP2__stress enhanced protein 2 
251031_at At5g02120 3.085 OHP__one helix protein 
267336_at At2g19310 3.062 HSP20-like chaperones superfamily protein 
254095_at At4g25140 2.990 OLE1_OLEO1__oleosin 1 
245346_at At4g17090 2.940 BAM3_BMY8_CT-BMY__chloroplast beta-amylase 
266294_at At2g29500 2.928 HSP20-like chaperones superfamily protein 
249894_at At5g22580 2.822 Stress responsive A/B Barrel Domain 
266590_at At2g46240 2.753 ATBAG6_BAG6__BCL-2-associated athanogene 6 
260716_at At1g48130 2.709 ATPER1_PER1__1-cysteine peroxiredoxin 1 
249320_at At5g40910 2.695 Disease resistance protein (TIR-NBS-LRR class) family 
254889_at At4g11650 2.683 ATOSM34_OSM34__osmotin 34 
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266001_at At2g24150 2.662 HHP3__heptahelical protein 3 
249353_at At5g40420 2.512 OLE2_OLEO2__oleosin 2 
264899_at At1g23130 2.500 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
246519_at At5g15780 2.498 Pollen Ole e 1 allergen and extensin family protein 
253966_at At4g26520 2.490 Aldolase superfamily protein 
248400_at At5g52020 2.488 Integrase-type DNA-binding superfamily protein 
258695_at At3g09640 2.445 APX1B_APX2__ascorbate peroxidase 2 
258434_at At3g16770 2.442 ATEBP_EBP_ERF72_RAP2.3__ethylene-responsive element binding protein 
254066_at At4g25480 2.442 ATCBF3_CBF3_DREB1A__dehydration response element B1A 
265569_at At2g05620 2.441 PGR5__proton gradient regulation 5 
260745_at At1g78370 2.430 ATGSTU20_GSTU20__glutathione S-transferase TAU 20 
261751_at At1g76080 2.426 ATCDSP32_CDSP32__chloroplastic drought-induced stress protein of 32 kD 
255807_at At4g10270 2.405 Wound-responsive family protein 
263433_at At2g22240 2.402 ATIPS2_ATMIPS2_MIPS2__myo-inositol-1-phosphate synthase 2 
261663_at At1g18330 2.397 EPR1_RVE7__Homeodomain-like superfamily protein 
267101_at At2g41480 2.371 Peroxidase superfamily protein 
252972_at At4g38840 2.345 SAUR-like auxin-responsive protein family 
261838_at At1g16030 2.322 Hsp70b__heat shock protein 70B 
248793_at At5g47240 2.283 atnudt8_NUDT8__nudix hydrolase homolog 8 
262970_at At1g75690 2.277 DnaJ/Hsp40 cysteine-rich domain superfamily protein 
266462_at At2g47770 2.269 ATTSPO__TSPO(outer membrane tryptophan-rich sensory protein)-related 
252137_at At3g50980 2.254 XERO1__dehydrin xero 1 
261248_at At1g20030 2.242 Pathogenesis-related thaumatin superfamily protein 
251827_at At3g55120 2.236 A11_CFI_TT5__Chalcone-flavanone isomerase family protein 
250074_at At5g17310 2.219 AtUGP2_UGP2__UDP-glucose pyrophosphorylase 2 
255720_at At1g32060 2.201 PRK__phosphoribulokinase 
267612_at At2g26690 2.199 Major facilitator superfamily protein 
254283_s_at 
At4g22870 
At4g22880 2.190 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
248435_at At5g51210 2.142 OLEO3__oleosin3 
262828_at At1g14950 2.121 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
262884_at At1g64720 2.105 CP5__Polyketide cyclase/dehydrase and lipid transport superfamily protein 
255047_at At4g09670 2.100 Oxidoreductase family protein 
259167_at At3g01570 2.099 Oleosin family protein 
251356_at At3g61060 2.079 AtPP2-A13_PP2-A13__phloem protein 2-A13 
261323_at At1g44760 2.073 Adenine nucleotide alpha hydrolases-like superfamily protein 
249575_at At5g37670 2.042 HSP20-like chaperones superfamily protein 
258398_at At3g15360 2.036 ATHM4_ATM4_TRX-M4__thioredoxin M-type 4 
262382_at At1g72920 2.026 Toll-Interleukin-Resistance (TIR) domain family protein 
250292_at At5g13220 2.020 JAS1_JAZ10_TIFY9__jasmonate-zim-domain protein 10 
245244_at At1g44350 2.017 ILL6__IAA-leucine resistant (ILR)-like gene 6 
246510_at At5g15410 2.009 ATCNGC2_CNGC2_DND1__Cyclic nucleotide-regulated ion channel family protein 
253627_at At4g30650 2.005 Low temperature and salt responsive protein family 
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Cell Wall Biogenesis 
250669_at At5g06870 3.927 ATPGIP2_PGIP2__polygalacturonase inhibiting protein 2 
245130_at At2g45340 3.301 Leucine-rich repeat protein kinase family protein 
263841_at At2g36870 3.244 XTH32__xyloglucan endotransglucosylase/hydrolase 32 
247087_at At5g66330 3.225 Leucine-rich repeat (LRR) family protein 
257297_at At3g28040 3.160 Leucine-rich receptor-like protein kinase family protein 
259848_at At1g72180 3.086 Leucine-rich receptor-like protein kinase family protein 
266393_at At2g41260 3.074 ATM17_M17__glycine-rich protein / late embryogenesis abundant protein (M17) 
267389_at At2g44460 3.070 BGLU28__beta glucosidase 28 
253533_at At4g31590 2.993 ATCSLC05_ATCSLC5_CSLC05_CSLC5__Cellulose-synthase-like C5 
267376_at At2g26330 2.965 ER_QRP1__Leucine-rich receptor-like protein kinase family protein 
261598_at At1g49750 2.903 Leucine-rich repeat (LRR) family protein 
263918_at At2g36590 2.876 ATPROT3_ProT3__proline transporter 3 
252272_at At3g49670 2.864 BAM2__Leucine-rich receptor-like protein kinase family protein 
245352_at At4g15490 2.809 UGT84A3__UDP-Glycosyltransferase superfamily protein 
253879_s_at 
At4g27560 
At4g27570 2.783 UDP-Glycosyltransferase superfamily protein 
253278_at At4g34220 2.630 Leucine-rich repeat protein kinase family protein 
265511_at At2g05540 2.617 Glycine-rich protein family 
254110_at At4g25260 2.523 Plant invertase/pectin methylesterase inhibitor superfamily protein 
253281_at At4g34138 2.511 UGT73B1__UDP-glucosyl transferase 73B1 
260799_at At1g78270 2.491 AtUGT85A4_UGT85A4__UDP-glucosyl transferase 85A4 
245644_at At1g25320 2.488 Leucine-rich repeat protein kinase family protein 
247731_at At5g59590 2.444 UGT76E2__UDP-glucosyl transferase 76E2 
261046_at At1g01390 2.408 UDP-Glycosyltransferase superfamily protein 
258167_at At3g21560 2.358 UGT84A2__UDP-Glycosyltransferase superfamily protein 
250444_at At5g10560 2.352 Glycosyl hydrolase family protein 
245318_at At4g16980 2.334 arabinogalactan-protein family 
248908_at At5g45800 2.319 MEE62__Leucine-rich repeat protein kinase family protein 
251695_at At3g56590 2.319 hydroxyproline-rich glycoprotein family protein 
264183_at At1g65380 2.270 AtRLP10_CLV2__Leucine-rich repeat (LRR) family protein 
247991_at At5g56320 2.269 ATEXP14_ATEXPA14_ATHEXP ALPHA 1.5_EXP14_EXPA14__expansin A14 
263847_at At2g36970 2.208 UDP-Glycosyltransferase superfamily protein 
251864_at At3g54920 2.202 PMR6__Pectin lyase-like superfamily protein 
245408_at At4g17180 2.176 O-Glycosyl hydrolases family 17 protein 
247478_at At5g62360 2.174 Plant invertase/pectin methylesterase inhibitor superfamily protein 
258535_at At3g06750 2.165 hydroxyproline-rich glycoprotein family protein 
248622_at At5g49360 2.154 ATBXL1_BXL1__beta-xylosidase 1 
250565_at At5g08000 2.146 E13L3_PDCB2__glucan endo-1,3-beta-glucosidase-like protein 3 
266460_at At2g47930 2.101 AGP26_ATAGP26__arabinogalactan protein 26 
263350_at At2g13360 2.083 AGT_AGT1_SGAT__alanine:glyoxylate aminotransferase 
260563_at At2g43840 2.081 UGT74F1__UDP-glycosyltransferase 74 F1 
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245229_at At4g25620 2.062 hydroxyproline-rich glycoprotein family protein 
252957_at At4g38680 2.053 ATCSP2_CSDP2_CSP2_GRP2__glycine rich protein 2 
262503_at At1g21670 2.039 Unknown-Plant-type cell wall 
257205_at At3g16520 2.034 UGT88A1__UDP-glucosyl transferase 88A1 
247266_at At5g64570 2.019 ATBXL4_XYL4__beta-D-xylosidase 4 
256825_at At3g22120 2.016 CWLP__cell wall-plasma membrane linker protein 
251141_at At5g01075 2.012 Glycosyl hydrolase family 35 protein 
260914_at At1g02640 1.991 ATBXL2_BXL2__beta-xylosidase 2 
263473_at At2g31750 1.990 UGT74D1__UDP-glucosyl transferase 74D1 
248046_at At5g56040 1.964 Leucine-rich receptor-like protein kinase family protein 
257974_at At3g20820 1.963 Leucine-rich repeat (LRR) family protein 
261804_at At1g30530 1.962 UGT78D1__UDP-glucosyl transferase 78D1 
264656_at At1g09010 1.957 glycoside hydrolase family 2 protein 
245688_at At1g28290 1.929 AGP31__arabinogalactan protein 31 
263285_at At2g36120 1.898 DOT1__Glycine-rich protein family 
260955_at At1g06000 1.883 UDP-Glycosyltransferase superfamily protein 
255822_at At2g40610 1.881 ATEXP8_ATEXPA8_ATHEXP ALPHA 1.11_EXP8_EXPA8__expansin A8 
251428_at At3g60140 1.869 BGLU30_DIN2_SRG2__Glycosyl hydrolase superfamily protein 
262844_at At1g14890 1.860 Plant invertase/pectin methylesterase inhibitor superfamily protein 
267299_at At2g30150 1.851 UDP-Glycosyltransferase superfamily protein 
247845_at At5g58090 1.848 O-Glycosyl hydrolases family 17 protein 
256746_at At3g29320 1.844 Glycosyl transferase, family 35 
257651_at At3g16850 1.791 Pectin lyase-like superfamily protein 
254221_at At4g23820 1.776 Pectin lyase-like superfamily protein 
258750_at At3g05910 1.774 Pectinacetylesterase family protein 
255433_at At4g03210 1.767 XTH9__xyloglucan endotransglucosylase/hydrolase 9 
252468_at At3g46970 1.747 ATPHS2_PHS2__alpha-glucan phosphorylase 2 
264873_at At1g24100 1.746 UGT74B1__UDP-glucosyl transferase 74B1 
250462_at At5g10020 1.743 Leucine-rich receptor-like protein kinase family protein 
246002_at At5g20740 1.743 Plant invertase/pectin methylesterase inhibitor superfamily protein 
251714_at At3g56370 1.738 Leucine-rich repeat protein kinase family protein 
258003_at At3g29030 1.736 ATEXP5_ATEXPA5_ATHEXP ALPHA 1.4_EXP5_EXPA5__expansin A5 
249174_at At5g42900 1.726 COR27__cold regulated gene 27 
261211_at At1g12780 1.725 ATUGE1_UGE1__UDP-D-glucose/UDP-D-galactose 4-epimerase 1 
250668_at At5g07020 1.720 proline-rich family protein 
254667_at At4g18280 1.715 glycine-rich cell wall protein-related 
251544_at At3g58790 1.703 GAUT15__galacturonosyltransferase 15 
246523_at At5g15850 1.697 ATCOL1_COL1__CONSTANS-like 1 
245325_at At4g14130 1.693 XTH15_XTR7__xyloglucan endotransglucosylase/hydrolase 15 
253957_at At4g26320 1.677 AGP13__arabinogalactan protein 13 
252855_at At4g39660 1.673 AGT2__alanine:glyoxylate aminotransferase 2 
246468_at At5g17050 1.658 UGT78D2__UDP-glucosyl transferase 78D2 
256706_at At3g30300 1.648 O-fucosyltransferase family protein 
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265729_at At2g31960 1.645 ATGSL03_ATGSL3_GSL03_GSL03__glucan synthase-like 3 
258369_at At3g14310 1.641 ATPME3_PME3__pectin methylesterase 3 
252607_at At3g44990 1.624 ATXTR8_XTH31_XTR8__xyloglucan endo-transglycosylase-related 8 
261594_at At1g33240 1.616 AT-GTL1_AT-GTL2_GTL1__GT-2-like 1 
266588_at At2g14890 1.601 AGP9__arabinogalactan protein 9 
258528_at At3g06770 1.598 Pectin lyase-like superfamily protein 
253841_at At4g27830 1.596 BGLU10__beta glucosidase 10 
265197_at At2g36750 1.592 UGT73C1__UDP-glucosyl transferase 73C1 
261266_at At1g26770 1.589 
AT-EXP10_ATEXP10_ATEXPA10_ATHEXP ALPHA 
1.1_EXP10_EXPA10__expansin A10 
255506_at At4g02130 1.580 GATL6_LGT10__galacturonosyltransferase 6 
250313_at At5g12210 1.569 AtRGTB1_RGTB1__RAB geranylgeranyl transferase beta subunit 1 
267035_at At2g38400 1.565 AGT3__alanine:glyoxylate aminotransferase 3 
256962_at At3g13560 1.560 O-Glycosyl hydrolases family 17 protein 
253286_at At4g34260 1.519 FUC95A__1,2-alpha-L-fucosidases 
253428_at At4g32410 1.507 AtCESA1_CESA1_RSW1__cellulose synthase 1 
259358_at At1g13250 1.504 GATL3__galacturonosyltransferase-like 3 
263184_at At1g05560 1.503 UGT1_UGT75B1__UDP-glucosyltransferase 75B1 
255611_at At4g01210 1.487 glycosyl transferase family 1 protein 
266770_at At2g03090 1.483 ATEXP15_ATEXPA15_ATHEXP ALPHA 1.3_EXP15_EXPA15__expansin A15 
263207_at At1g10550 1.482 XET_XTH33__xyloglucan:xyloglucosyl transferase 33 
251225_at At3g62660 1.471 GATL7__galacturonosyltransferase-like 7 
261785_at At1g08230 1.451 ATGAT1_GAT1__Transmembrane amino acid transporter family protein 
245794_at At1g32170 1.436 XTH30_XTR4__xyloglucan endotransglucosylase/hydrolase 30 
262025_at At1g35510 1.391 O-fucosyltransferase family protein 
262842_at At1g14720 1.388 ATXTH28_EXGT-A2_XTH28_XTR2__xyloglucan endotransglucosylase/hydrolase 28 
247866_at At5g57550 1.381 XTH25_XTR3__xyloglucan endotransglucosylase/hydrolase 25 
263598_at At2g01850 1.372 ATXTH27_EXGT-A3_XTH27__endoxyloglucan transferase A3 
257203_at At3g23730 1.347 XTH16__xyloglucan endotransglucosylase/hydrolase 16 
247552_at At5g60920 1.321 COBRA-like extracellular glycosyl-phosphatidyl inositol-anchored protein family 
250272_at At5g13000 1.311 ATGSL12_gsl12_GSL12__glucan synthase-like 12 
250505_at At5g09870 1.310 CESA5__cellulose synthase 5 
Unknown Proteins 
265481_at At2g15960 3.412 unknown protein 
261500_at At1g28400 3.391 unknown protein 
262226_at 
At1g53885 
At1g53903 3.292 Protein of unknown function (DUF581) 
256960_at At3g13510 3.196 Protein of Unknown Function (DUF239) 
253989_at At4g26130 3.158 unknown protein 
253802_at At4g28180 3.087 unknown protein  
264494_at At1g27461 3.082 unknown protein 
257510_at At1g55360 3.063 Protein of Unknown Function (DUF239) 
247889_at At5g57930 3.026  protein of unknown function (DUF794) 
251183_at At3g62630 2.952 Protein of unknown function (DUF1645) 
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AtMg00620 2.913 unknown protein 
257994_at At3g19920 2.908 unknown protein 
258156_at At3g18050 2.904 unknown protein 
250960_at At5g02940 2.903 Protein of unknown function (DUF1012) 
261203_at At1g12845 2.863 unknown protein 
253078_at At4g36180 2.843 Leucine-rich receptor-like protein kinase family protein 
257323_at AtMg01200 2.775 ORF294__hypothetical protein 
263545_at At2g21560 2.775 unknown protein 
258939_at At3g10020 2.775 unknown protein 
249920_at At5g19260 2.754 Protein of unknown function (DUF3049) 
254187_at At4g23890 2.741 unknown protein 
250624_at At5g07330 2.727 unknown protein 
258560_at At3g06020 2.674 Protein of unknown function (DUF3049) 
249136_at At5g43180 2.639 Protein of unknown function, DUF599 
261641_at At1g27670 2.595 unknown protein 
259738_at At1g64355 2.584 unknown protein 
266956_at At2g34510 2.576 Protein of unknown function, DUF642 
252116_at At3g51510 2.537 unknown protein 
250481_at At5g10310 2.516 unknown protein 
253859_at At4g27657 2.498 unknown protein 
244906_at AtMg00690 2.488 ORF240A__hypothetical protein 
251810_at At3g55250 2.485 unknown protein 
262088_at At1g56020 2.484 unknown protein 
244903_at AtMg00660 2.427 ORF149__hypothetical protein 
250265_at At5g12900 2.421 unknown protein 
248285_at At5g52960 2.409 unknown protein 
261772_at At1g76240 2.342 Arabidopsis protein of unknown function (DUF241) 
263287_at At2g36145 2.299 unknown protein 
253739_at At4g28760 2.257 Protein of unknown function (DUF3741) 
250464_at At5g10040 2.238 unknown protein 
259017_at At3g07310 2.198 Protein of unknown function (DUF760) 
248282_at At5g52900 2.192 unknown protein 
250563_at At5g08050 2.181 Protein of unknown function (DUF1118) 
253832_at At4g27654 2.178 unknown protein 
250127_at At5g16380 2.162 Protein of unknown function, DUF538 
248186_at At5g53880 2.160 unknown protein 
261567_at At1g33055 2.158 unknown protein 




AtMg00500 2.132 unknown protein 
261572_at At1g01170 2.113 Protein of unknown function (DUF1138) 
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260442_at At1g68220 2.107 Protein of unknown function (DUF1218) 
257321_at AtMg01130 2.107 ORF106F__hypothetical protein 
263972_at At2g42760 2.097 unknown protein 
250826_at At5g05220 2.055 unknown protein 
245906_at At5g11070 2.054 unknown protein 
259583_at At1g28070 2.013 unknown protein 
260167_at At1g71970 2.005 unknown protein 
Other Biological Process 
253904_at At4g27140 5.125 AT2S1_SESA1__seed storage albumin 1 
248759_at At5g47610 4.587 RING/U-box superfamily protein 
264014_at At2g21210 4.275 SAUR-like auxin-responsive protein family 
259866_at At1g76640 4.108 Calcium-binding EF-hand family protein 
253255_at At4g34760 4.099 SAUR-like auxin-responsive protein family 
256159_at At1g30135 4.028 JAZ8_TIFY5A__jasmonate-zim-domain protein 8 
263761_at At2g21330 3.971 FBA1__fructose-bisphosphate aldolase 1 
260753_at At1g49230 3.867 RING/U-box superfamily protein 
253864_at At4g27460 3.856 Cystathionine beta-synthase (CBS) family protein 
256354_at At1g54870 3.813 NAD(P)-binding Rossmann-fold superfamily protein 
260221_at At1g74670 3.777 Gibberellin-regulated family protein 
253767_at At4g28520 3.683 CRC_CRU3__cruciferin 3 
247023_at At5g67060 3.663 HEC1__basic helix-loop-helix (bHLH) DNA-binding superfamily protein 
260770_at At1g49200 3.656 RING/U-box superfamily protein 
247944_at At5g57100 3.636 Nucleotide/sugar transporter family protein 
262883_at At1g64780 3.635 AMT1;2_ATAMT1;2__ammonium transporter 1;2 
246525_at At5g15840 3.626 CO_FG__B-box type zinc finger protein with CCT domain 
257318_at 
At2g07777 
AtMg01090 3.611 ATP synthase 9 mitochondrial 
252092_at At3g51420 3.603 ATSSL4_SSL4__strictosidine synthase-like 4 
255403_at At4g03400 3.593 DFL2_GH3-10__Auxin-responsive GH3 family protein 
260205_at At1g70700 3.579 JAZ9_TIFY7__TIFY domain/Divergent CCT motif family protein 
252123_at At3g51240 3.572 F3'H_F3H_TT6__flavanone 3-hydroxylase 
247951_at At5g57240 3.535 ORP4C__OSBP(oxysterol binding protein)-related protein 4C 
253054_at At4g37580 3.489 COP3_HLS1_UNS2__Acyl-CoA N-acyltransferases (NAT) superfamily protein 
265095_at At1g03880 3.470 CRB_CRU2__cruciferin 2 
256015_at At1g19150 3.469 LHCA2*1_LHCA6__photosystem I light harvesting complex gene 6 
262698_at At1g75960 3.447 AMP-dependent synthetase and ligase family protein 
244962_at AtCg01050 3.441 NDHD__NADH-Ubiquinone/plastoquinone (complex I) protein 
251443_at At3g59940 3.425 Galactose oxidase/kelch repeat superfamily protein 
244998_at AtCg00180 3.401 RPOC1__DNA-directed RNA polymerase family protein 
261957_at At1g64660 3.347 ATMGL_MGL__methionine gamma-lyase 
255048_at At4g09600 3.337 GASA3__GAST1 protein homolog 3 
245347_at At4g14890 3.321 2Fe-2S ferredoxin-like superfamily protein 
245602_at At4g14270 3.276 
Protein containing PAM2 motif which mediates interaction with the PABC domain of 
polyadenyl binding proteins. 
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250611_at At5g07200 3.258 ATGA20OX3_GA20OX3_YAP169__gibberellin 20-oxidase 3 
263981_at At2g42870 3.249 HLH1_PAR1__phy rapidly regulated 1 
256336_at At1g72030 3.241 Acyl-CoA N-acyltransferases (NAT) superfamily protein 
245171_at At2g47560 3.240 RING/U-box superfamily protein 
262954_at At1g54500 3.240 Rubredoxin-like superfamily protein 
248125_at At5g54740 3.220 SESA5__seed storage albumin 5 
254794_at At4g12970 3.205 EPFL9_STOMAGEN__stomagen 
244932_at AtCg01060 3.205 PSAC__iron-sulfur cluster binding;electron carriers;4 iron, 4 sulfur cluster binding 
264147_at At1g02205 3.205 CER1__Fatty acid hydroxylase superfamily 
253217_at At4g34970 3.196 ADF9__actin depolymerizing factor 9 
246932_at At5g25190 3.184 Integrase-type DNA-binding superfamily protein 
260797_at At1g78390 3.178 ATNCED9_NCED9__nine-cis-epoxycarotenoid dioxygenase 9 
257460_at At1g75580 3.165 SAUR-like auxin-responsive protein family 
257690_at At3g12830 3.153 SAUR-like auxin-responsive protein family 
251731_at At3g56350 3.120 Iron/manganese superoxide dismutase family protein 
245524_at At4g15920 3.109 Nodulin MtN3 family protein 
259143_at At3g10190 3.089 Calcium-binding EF-hand family protein 
248520_at 
At5g50600 
At5g50700 3.081 ATHSD1_HSD1__hydroxysteroid dehydrogenase 1 
262978_at At1g75780 3.075 TUB1__tubulin beta-1 chain 
265699_at At2g03550 3.061 alpha/beta-Hydrolases superfamily protein 
260088_at At1g73190 3.060 ALPHA-TIP_TIP3;1__Aquaporin-like superfamily protein 
263890_at At2g37030 3.058 SAUR-like auxin-responsive protein family 
255779_at At1g18650 3.033 PDCB3__plasmodesmata callose-binding protein 3 
265111_at At1g62510 3.026 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
267516_at At2g30520 3.025 RPT2__Phototropic-responsive NPH3 family protein 
266745_at At2g02950 3.018 PKS1__phytochrome kinase substrate 1 
255298_at At4g04840 3.013 ATMSRB6_MSRB6__methionine sulfoxide reductase B6 
260969_at At1g12240 3.009 ATBETAFRUCT4_VAC-INV__Glycosyl hydrolases family 32 protein 
258607_at At3g02730 3.008 ATF1_TRXF1__thioredoxin F-type 1 
262175_at At1g74880 2.999 NDH-O__NAD(P)H:plastoquinone dehydrogenase complex subunit O 
262830_at At1g14700 2.993 ATPAP3_PAP3__purple acid phosphatase 3 
260876_at At1g21460 2.964 Nodulin MtN3 family protein 
254024_at At4g25780 2.960 
CAP (Cysteine-rich secretory proteins, Antigen 5, and Pathogenesis-related 1 protein) 
superfamily protein 
262819_at At1g11600 2.960 CYP77B1__cytochrome P450, family 77, subfamily B, polypeptide 1 
245016_at AtCg00500 2.958 ACCD__acetyl-CoA carboxylase carboxyl transferase subunit beta 
258113_at At3g14650 2.951 CYP72A11__cytochrome P450, family 72, subfamily A, polypeptide 11 
266356_at At2g32300 2.950 UCC1__uclacyanin 1 
251838_at At3g54940 2.939 Papain family cysteine protease 
246524_at At5g15860 2.932 ATPCME_PCME__prenylcysteine methylesterase 
253285_at At4g34250 2.932 KCS16__3-ketoacyl-CoA synthase 16 
255858_at At1g67030 2.925 ZFP6__zinc finger protein 6 
266857_at At2g26900 2.903 Sodium Bile acid symporter family 
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256099_at At1g13710 2.900 CYP78A5_KLU__cytochrome P450, family 78, subfamily A, polypeptide 5 
257832_at At3g26740 2.893 CCL__CCR-like 
253894_at At4g27150 2.882 AT2S2_SESA2__seed storage albumin 2 
245947_at At5g19530 2.880 ACL5__S-adenosyl-L-methionine-dependent methyltransferases superfamily protein 
261335_at At1g44800 2.864 nodulin MtN21 /EamA-like transporter family protein 
253421_at At4g32340 2.854 Tetratricopeptide repeat (TPR)-like superfamily protein 
265117_at At1g62500 2.853 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
252130_at At3g50820 2.843 OEC33_PSBO-2_PSBO2__photosystem II subunit O-2 
260742_at At1g15050 2.843 IAA34__indole-3-acetic acid inducible 34 
265248_at At2g43010 2.840 PIF4_SRL2__phytochrome interacting factor 4 
259909_at At1g60870 2.837 MEE9__maternal effect embryo arrest 9 
259308_at At3g05180 2.833 GDSL-like Lipase/Acylhydrolase superfamily protein 
253829_at At4g28040 2.830 nodulin MtN21 /EamA-like transporter family protein 
265233_s_at 
At2g07718 
AtMg00590 2.826 Cytochrome b/b6 protein 
249042_at At5g44350 2.819 ethylene-responsive nuclear protein -related 
266672_at At2g29650 2.817 ANTR1_PHT4;1__phosphate transporter 4;1 
255577_at At4g01410 2.807 Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein family 
245306_at At4g14690 2.805 ELIP2__Chlorophyll A-B binding family protein 
262549_at At1g31290 2.805 AGO3__ARGONAUTE 3 
257299_at At3g28050 2.798 nodulin MtN21 /EamA-like transporter family protein 
255719_at At1g32080 2.794 membrane protein, putative 
246990_at At5g67360 2.789 ARA12__Subtilase family protein 
255049_at At4g09610 2.786 GASA2__GAST1 protein homolog 2 
246055_at At5g08380 2.775 AGAL1_AtAGAL1__alpha-galactosidase 1 
257634_s_at 
At3g26170 
At3g26180 2.762 CYP71B19__cytochrome P450, family 71, subfamily B, polypeptide 19 
266456_at At2g22770 2.758 NAI1__basic helix-loop-helix (bHLH) DNA-binding superfamily protein 
266756_at At2g46950 2.753 CYP709B2__cytochrome P450, family 709, subfamily B, polypeptide 2 
250968_at At5g02890 2.745 HXXXD-type acyl-transferase family protein 
260014_at At1g68010 2.742 ATHPR1_HPR__hydroxypyruvate reductase 
256528_at At1g66140 2.718 ZFP4__zinc finger protein 4 
246548_at At5g14910 2.694 Heavy metal transport/detoxification superfamily protein 
264185_at At1g54780 2.689 TLP18.3__thylakoid lumen 18.3 kDa protein 
260481_at At1g10960 2.687 ATFD1_FD1__ferredoxin 1 
245002_at AtCg00270 2.683 PSBD__photosystem II reaction center protein D 
245479_at At4g16140 2.672 proline-rich family protein 
263715_at At2g20570 2.667 ATGLK1_GLK1_GPRI1__GBF's pro-rich region-interacting factor 1 
245215_at At1g67830 2.659 ATFXG1_FXG1__alpha-fucosidase 1 
249234_at At5g42200 2.657 RING/U-box superfamily protein 
261514_at At1g71870 2.655 MATE efflux family protein 
254328_at At4g22570 2.647 APT3__adenine phosphoribosyl transferase 3 
246884_at At5g26220 2.643 ChaC-like family protein 




261084_at At1g07440 2.637 NAD(P)-binding Rossmann-fold superfamily protein 
261768_at At1g15550 2.637 ATGA3OX1_GA3OX1_GA4__gibberellin 3-oxidase 1 
258860_at At3g02050 2.636 ATKT4_ATKUP3_KUP3__K+ uptake transporter 3 
259244_at At3g07650 2.631 COL9__CONSTANS-like 9 
258920_at At3g10520 2.629 AHB2_ARATH GLB2_ATGLB2_GLB2_HB2_NSHB2__haemoglobin 2 
245784_at At1g32190 2.629 alpha/beta-Hydrolases superfamily protein 
264247_at At1g60160 2.625 Potassium transporter family protein 
259913_at At1g72660 2.619 P-loop containing nucleoside triphosphate hydrolases superfamily protein 
260237_at At1g74430 2.619 ATMYB95_ATMYBCP66_MYB95__myb domain protein 95 
253182_at At4g35190 2.615 Putative lysine decarboxylase family protein 
265029_at At1g24625 2.613 ZFP7__zinc finger protein 7 
265918_at At2g15090 2.608 KCS8__3-ketoacyl-CoA synthase 8 
245550_at At4g15330 2.606 CYP705A1__cytochrome P450, family 705, subfamily A, polypeptide 1 
247853_at At5g58140 2.603 NPL1_PHOT2__phototropin 2 
258495_at At3g02690 2.593 nodulin MtN21 /EamA-like transporter family protein 
246933_at At5g25160 2.592 ZFP3__zinc finger protein 3 
256965_at At3g13450 2.588 DIN4__Transketolase family protein 
250533_at At5g08640 2.584 ATFLS1_FLS_FLS1__flavonol synthase 1 
245338_at At4g16442 2.583 Uncharacterised protein family (UPF0497) 
244944_s_at 
AtMg00080 
AtMg00090 2.580 RPL16__ribosomal protein L16 
251896_at At3g54390 2.562 sequence-specific DNA binding transcription factors 
253233_at At4g34290 2.558 SWIB/MDM2 domain superfamily protein 
262505_at At1g21680 2.555 DPP6 N-terminal domain-like protein 
244997_at AtCg00170 2.553 RPOC2__DNA-directed RNA polymerase family protein 
258327_at At3g22640 2.551 PAP85__cupin family protein 
249035_at At5g44190 2.550 ATGLK2_GLK2_GPRI2__GOLDEN2-like 2 
264459_at At1g10160 2.549 
 
256427_at At3g11090 2.547 LBD21__LOB domain-containing protein 21 
244974_at AtCg00700 2.545 PSBN__photosystem II reaction center protein N 
266120_at At2g02070 2.540 AtIDD5_IDD5__indeterminate(ID)-domain 5 
260266_at At1g68520 2.540 B-box type zinc finger protein with CCT domain 
264672_at At1g09750 2.530 Eukaryotic aspartyl protease family protein 
252536_at At3g45700 2.530 Major facilitator superfamily protein 
255905_at At1g17810 2.522 BETA-TIP__beta-tonoplast intrinsic protein 
245555_at At4g15390 2.517 HXXXD-type acyl-transferase family protein 
248419_at At5g51550 2.505 EXL3__EXORDIUM like 3 
249794_at At5g23530 2.500 AtCXE18_CXE18__carboxyesterase 18 
245138_at At2g45190 2.498 AFO_FIL_YAB1__Plant-specific transcription factor YABBY family protein 
253943_at At4g27030 2.492 FAD4_FADA__fatty acid desaturase A 
266673_at At2g29630 2.491 PY_THIC__thiaminC 
253197_at At4g35250 2.487 NAD(P)-binding Rossmann-fold superfamily protein 
251017_at At5g02760 2.484 Protein phosphatase 2C family protein 
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260089_at At1g73170 2.484 P-loop containing nucleoside triphosphate hydrolases superfamily protein 
266656_at At2g25900 2.484 ATCTH_ATTZF1__Zinc finger C-x8-C-x5-C-x3-H type family protein 
255662_at At4g00400 2.476 AtGPAT8_GPAT8__glycerol-3-phosphate acyltransferase 8 
248311_at At5g52570 2.468 B2_BCH2_BETA-OHASE 2_CHY2__beta-carotene hydroxylase 2 
263963_at At2g36080 2.461 AP2/B3-like transcriptional factor family protein 
247038_at At5g67160 2.456 EPS1__HXXXD-type acyl-transferase family protein 
264783_at At1g08650 2.454 ATPPCK1_PPCK1__phosphoenolpyruvate carboxylase kinase 1 
245017_at AtCg00510 2.451 PSAI__photsystem I subunit I 





245003_at AtCg00280 2.443 PSBC__photosystem II reaction center protein C 
253887_at At4g27730 2.441 ATOPT6_OPT6__oligopeptide transporter 1 
253270_at At4g34160 2.437 CYCD3_CYCD3;1__CYCLIN D3;1 
245015_at AtCg00490 2.435 RBCL__ribulose-bisphosphate carboxylases 
255728_at At1g25500 2.435 Plasma-membrane choline transporter family protein 
248449_at At5g51110 2.432 Transcriptional coactivator/pterin dehydratase 
267553_s_at 
At2g32180 
At2g32650 2.424 PTAC18__plastid transcriptionally active 18 
258368_at At3g14240 2.424 Subtilase family protein 
264584_at At1g05140 2.423 Peptidase M50 family protein 
256914_at At3g23880 2.419 F-box and associated interaction domains-containing protein 
249082_at At5g44120 2.415 ATCRA1_CRA1_CRU1__RmlC-like cupins superfamily protein 
246432_at At5g17490 2.410 RGL3__RGA-like protein 3 
265998_at At2g24270 2.407 ALDH11A3__aldehyde dehydrogenase 11A3 
249205_at At5g42600 2.396 MRN1__marneral synthase 
263502_s_at 
At2g07675 
AtMg00980 2.392 Ribosomal protein S12/S23 family protein 
257337_at AtMg00060 2.390 NAD5_NAD5.3_NAD5C__NADH dehydrogenase subunit 5C 
266044_s_at 
At2g07725 
AtMg00210 2.390 Ribosomal L5P family protein 
265884_at At2g42320 2.385 nucleolar protein gar2-related 
245044_at At2g26500 2.381 cytochrome b6f complex subunit (petM), putative 
258114_at At3g14660 2.379 CYP72A13__cytochrome P450, family 72, subfamily A, polypeptide 13 
245830_at At1g57790 2.378 F-box family protein 
245007_at AtCg00350 2.376 PSAA__Photosystem I, PsaA/PsaB protein 
264091_at At1g79110 2.374 zinc ion binding 
264079_at At2g28490 2.366 RmlC-like cupins superfamily protein 
266158_at At2g28070 2.363 ABC-2 type transporter family protein 
248710_at At5g48480 2.350 Lactoylglutathione lyase / glyoxalase I family protein 
254020_at At4g25700 2.347 B1_BCH1_BETA-OHASE 1_chy1__beta-hydroxylase 1 
258223_at At3g15840 2.338 PIFI__post-illumination chlorophyll fluorescence increase 
264510_at At1g09530 2.333 PAP3_PIF3_POC1__phytochrome interacting factor 3 
255691_at At4g00370 2.332 ANTR2_PHT4;4__Major facilitator superfamily protein 
245048_at AtCg00040 2.324 MATK__maturase K 
264057_at At2g28550 2.321 RAP2.7_TOE1__related to AP2.7 
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264121_at At1g02280 2.321 
ATTOC33_PPI1_TOC33__translocon at the outer envelope membrane of chloroplasts 
33 
245070_at At2g23240 2.319 Plant EC metallothionein-like protein, family 15 
251068_at At5g01920 2.313 STN8__Protein kinase superfamily protein 
245025_at AtCg00130 2.313 ATPF__ATPase, F0 complex, subunit B/B', bacterial/chloroplast 
245008_at AtCg00360 2.313 YCF3__Tetratricopeptide repeat (TPR)-like superfamily protein 
258179_at At3g21690 2.308 MATE efflux family protein 
257516_at At1g69040 2.306 ACR4__ACT domain repeat 4 
260739_at At1g15000 2.303 scpl50__serine carboxypeptidase-like 50 
266300_at At2g01420 2.303 ATPIN4_PIN4__Auxin efflux carrier family protein 
247284_at At5g64410 2.286 ATOPT4_OPT4__oligopeptide transporter 4 
250558_at At5g07990 2.286 CYP75B1_D501_TT7__Cytochrome P450 superfamily protein 
265211_at At2g36640 2.279 ATECP63_ECP63__embryonic cell protein 63 
251287_at At3g61820 2.278 Eukaryotic aspartyl protease family protein 
262124_at At1g59660 2.277 Nucleoporin autopeptidase 
266246_at At2g27690 2.274 CYP94C1__cytochrome P450, family 94, subfamily C, polypeptide 1 
264661_at At1g09950 2.269 RAS1__RESPONSE TO ABA AND SALT 1 
262263_at At1g70940 2.267 ATPIN3_PIN3__Auxin efflux carrier family protein 
246371_at At1g51940 2.266 protein kinase family protein / peptidoglycan-binding LysM domain-containing protein 
264508_at At1g09570 2.262 FHY2_FRE1_HY8_PHYA__phytochrome A 
267535_at At2g41940 2.261 ZFP8__zinc finger protein 8 
247288_at At5g64330 2.257 JK218_NPH3_RPT3__Phototropic-responsive NPH3 family protein 
253218_at At4g34980 2.247 SLP2__subtilisin-like serine protease 2 
258181_at At3g21670 2.245 Major facilitator superfamily protein 
267580_at At2g41990 2.244  Late embryogenesis abundant protein, group 2  
252958_at At4g38620 2.244 ATMYB4_MYB4__myb domain protein 4 
252115_at At3g51600 2.242 LTP5__lipid transfer protein 5 
253101_at At4g37430 2.241 CYP81F1_CYP91A2__cytochrome P450, family 91, subfamily A, polypeptide 2 
264575_at At1g05190 2.236 emb2394__Ribosomal protein L6 family 
247467_at At5g62130 2.234 Per1-like family protein 
266257_at At2g27820 2.232 ADT3_PD1__prephenate dehydratase 1 
261230_at At1g20010 2.231 TUB5__tubulin beta-5 chain 
266820_at At2g44940 2.231 Integrase-type DNA-binding superfamily protein 
264900_at At1g23080 2.225 ATPIN7_PIN7__Auxin efflux carrier family protein 
258919_at At3g10525 2.220 LGO__LOSS OF GIANT CELLS FROM ORGANS 
264862_at At1g24330 2.214 ARM repeat superfamily protein 
264793_at At1g08660 2.213 MGP2__MALE GAMETOPHYTE DEFECTIVE 2 
249800_at At5g23660 2.212 MTN3__homolog of Medicago truncatula MTN3 
253823_at At4g28030 2.210 Acyl-CoA N-acyltransferases (NAT) superfamily protein 
267497_at At2g30540 2.204 Thioredoxin superfamily protein 
264844_at At1g03520 2.204 Core-2/I-branching beta-1,6-N-acetylglucosaminyltransferase family protein 
249015_at At5g44730 2.202 Haloacid dehalogenase-like hydrolase (HAD) superfamily protein 
245018_at AtCg00520 2.198 YCF4__unfolded protein binding 
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266421_at At2g38540 2.196 ATLTP1_LP1_LTP1__lipid transfer protein 1 
262630_at At1g06520 2.195 ATGPAT1_GPAT1__glycerol-3-phosphate acyltransferase 1 
259430_at At1g01610 2.195 ATGPAT4_GPAT4__glycerol-3-phosphate acyltransferase 4 
246847_at At5g26820 2.193 ATIREG3_IREG3_IREG3_MAR1_RTS3__iron-regulated protein 3 
267263_at At2g23110 2.192 Late embryogenesis abundant protein, group 6 
254682_at At4g13640 2.185 UNE16__Homeodomain-like superfamily protein 
247625_at At5g60200 2.180 TMO6__TARGET OF MONOPTEROS 6 
247362_at At5g63140 2.175 ATPAP29_PAP29_PAP29__purple acid phosphatase 29 
249823_s_at 
At5g23350 
At5g23360 2.172 GRAM domain-containing protein / ABA-responsive protein-related 
250657_at At5g07000 2.170 ATST2B_ST2B__sulfotransferase 2B 
247320_at At5g64040 2.169 
PSAN__photosystem I reaction center subunit PSI-N, chloroplast, putative / PSI-N, 
putative (PSAN) 
267116_at At2g32560 2.168 F-box family protein 
253351_at At4g33700 2.168 CBS domain-containing protein with a domain of unknown function (DUF21) 
258159_at At3g17840 2.164 RLK902__receptor-like kinase 902 
253722_at At4g29190 2.161 Zinc finger C-x8-C-x5-C-x3-H type family protein 
266896_at At2g45810 2.160 DEA(D/H)-box RNA helicase family protein 
267233_s_at 
At2g43910 
At2g43920 2.154 ATHOL1_HOL1__HARMLESS TO OZONE LAYER 1 
247563_at At5g61130 2.153 PDCB1__plasmodesmata callose-binding protein 1 
246464_at At5g16980 2.148 Zinc-binding dehydrogenase family protein 
258643_at At3g08010 2.147 ATAB2__RNA binding 
265339_at At2g18230 2.146 AtPPa2_PPa2__pyrophosphorylase 2 
251699_at At3g56630 2.144 CYP94D2__cytochrome P450, family 94, subfamily D, polypeptide 2 
246923_at At5g25100 2.140 Endomembrane protein 70 protein family 
252543_at At3g45780 2.140 JK224_NPH1_PHOT1_RPT1__phototropin 1 
250413_at At5g11160 2.136 APT5__adenine phosphoribosyltransferase 5 
254577_at At4g19450 2.130 Major facilitator superfamily protein 
262653_at At1g14130 2.126 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
267562_at At2g39670 2.123 Radical SAM superfamily protein 
252168_at At3g50440 2.123 ATMES10_MES10__methyl esterase 10 
244936_at AtCg01100 2.122 NDHA__NADH dehydrogenase family protein 
253732_at At4g29140 2.121 MATE efflux family protein 
264519_at At1g10000 2.116 Ribonuclease H-like superfamily protein 
245019_at AtCg00530 2.114 YCF10__CemA-like proton extrusion protein-related 
244996_at AtCg00160 2.114 RPS2__ribosomal protein S2 
254327_at At4g22490 2.113 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin superfamily protein 
245296_at At4g16370 2.112 ATOPT3_OPT3_OPT3__oligopeptide transporter 
251453_at At3g60070 2.108 Major facilitator superfamily protein 
251373_at At3g60530 2.106 GATA4__GATA transcription factor 4 
253483_at At4g31910 2.103 HXXXD-type acyl-transferase family protein 
247742_at At5g58980 2.090 Neutral/alkaline non-lysosomal ceramidase 
262575_at At1g15210 2.085 ATPDR7_PDR7__pleiotropic drug resistance 7 
249741_at At5g24470 2.084 APRR5_PRR5__pseudo-response regulator 5 
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251326_at At3g61590 2.084 HS_HWS__Galactose oxidase/kelch repeat superfamily protein 
247201_at At5g65220 2.082 Ribosomal L29 family protein 
260385_at At1g74090 2.080 ATSOT18_ATST5B_SOT18__desulfo-glucosinolate sulfotransferase 18 
264199_at At1g22700 2.076 Tetratricopeptide repeat (TPR)-like superfamily protein 
253043_at At4g37540 2.076 LBD39__LOB domain-containing protein 39 
248558_at At5g49990 2.071 Xanthine/uracil permease family protein 
258108_at At3g23570 2.069 alpha/beta-Hydrolases superfamily protein 
263120_at At1g78490 2.067 CYP708A3__cytochrome P450, family 708, subfamily A, polypeptide 3 
250007_at At5g18670 2.063 BAM9_BMY3__beta-amylase 3 
254876_at At4g11610 2.063 C2 calcium/lipid-binding plant phosphoribosyltransferase family protein 
250569_at At5g08130 2.060 BIM1__basic helix-loop-helix (bHLH) DNA-binding superfamily protein 
254860_at At4g12110 2.056 ATSMO1_ATSMO1-1_SMO1-1__sterol-4alpha-methyl oxidase 1-1 
245806_at At1g45474 2.053 LHCA5__photosystem I light harvesting complex gene 5 
260106_at At1g35420 2.052 alpha/beta-Hydrolases superfamily protein 
266018_at At2g18710 2.052 SCY1__SECY homolog 1 
261121_at At1g75340 2.051 Zinc finger C-x8-C-x5-C-x3-H type family protein 
250073_at At5g17170 2.049 ENH1__rubredoxin family protein 
249759_at At5g24380 2.048 ATYSL2_YSL2__YELLOW STRIPE like 2 
253811_at At4g28190 2.047 ULT_ULT1__Developmental regulator, ULTRAPETALA 
255631_at At4g00710 2.040 BSK3__BR-signaling kinase 3 
265795_at At2g35780 2.036 scpl26__serine carboxypeptidase-like 26 
247331_at At5g63530 2.035 ATFP3_FP3__farnesylated protein 3 
251013_at At5g02540 2.032 NAD(P)-binding Rossmann-fold superfamily protein 
266265_at At2g29340 2.028 NAD-dependent epimerase/dehydratase family protein 
261769_at At1g76100 2.027 PETE1__plastocyanin 1 
250455_at At5g09980 2.026 PROPEP4__elicitor peptide 4 precursor 
245924_at At5g28750 2.024 Bacterial sec-independent translocation protein mttA/Hcf106 
253849_at At4g28080 2.010 Tetratricopeptide repeat (TPR)-like superfamily protein 
266172_at At2g39010 2.010 PIP2;6_PIP2E__plasma membrane intrinsic protein 2E 
250791_at At5g05610 2.008 AL1__alfin-like 1 
262536_at At1g17100 2.008 SOUL heme-binding family protein 
245262_at At4g16563 2.006 Eukaryotic aspartyl protease family protein 
259391_s_at 
At1g06350 










Table 28. The down-regulated genes by isoxaben 
Affy ID AGI ID FC Annotation  
Defense Mechanism 
261475_at At1g14550 0.183 Peroxidase superfamily protein 
247215_at At5g64905 0.194 PROPEP3__elicitor peptide 3 precursor 
258787_at At3g11840 0.220 PUB24__plant U-box 24 
260473_at At1g10880 0.224 Core-2/I-branching beta-1,6-N-acetylglucosaminyltransferase family protein 
260804_at At1g78410 0.234 VQ motif-containing protein 
245038_at At2g26560 0.243 PLA IIA_PLA2A_PLP2_PLP2__phospholipase A 2A 
251895_at At3g54420 0.245 ATCHITIV_ATEP3_CHIV_EP3__homolog of carrot EP3-3 chitinase 
246228_at At4g36430 0.248 Peroxidase superfamily protein 
255110_at At4g08770 0.252 Peroxidase superfamily protein 
254231_at At4g23810 0.255 ATWRKY53_WRKY53__WRKY family transcription factor 
265102_at At1g30870 0.259 Peroxidase superfamily protein 
253998_at At4g26010 0.271 Peroxidase superfamily protein 
250778_at At5g05500 0.278 Pollen Ole e 1 allergen and extensin family protein 
246916_at At5g25910 0.287 AtRLP52_RLP52__receptor like protein 52 
257382_at At2g40750 0.288 ATWRKY54_WRKY54__WRKY DNA-binding protein 54 
256428_at At3g11080 0.296 AtRLP35_RLP35__receptor like protein 35 
257277_at At3g14470 0.298 NB-ARC domain-containing disease resistance protein 
261157_at At1g34510 0.301 Peroxidase superfamily protein 
256303_at At1g69550 0.303 disease resistance protein (TIR-NBS-LRR class) 
265155_at At1g30990 0.304 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
249032_at At5g44910 0.305 Toll-Interleukin-Resistance (TIR) domain family protein 
250069_at At5g17970 0.305 Disease resistance protein (TIR-NBS-LRR class) family 
264567_s_at At1g05240 At1g05250 0.306 Peroxidase superfamily protein 
258537_at At3g04210 0.306 Disease resistance protein (TIR-NBS class) 
267191_at At2g44110 0.306 ATMLO15_MLO15__Seven transmembrane MLO family protein 
247205_at At5g64890 0.307 PROPEP2__elicitor peptide 2 precursor 
253655_at At4g30070 0.309 LCR59__low-molecular-weight cysteine-rich 59 
262913_at At1g59960 0.317 NAD(P)-linked oxidoreductase superfamily protein 
260649_at At1g08080 0.318 ACA7_ATACA7__alpha carbonic anhydrase 7 
258002_at At3g28930 0.326 AIG2-like (avirulence induced gene) family protein 
249333_at At5g40990 0.327 GLIP1__GDSL lipase 1 
267436_at At2g19190 0.327 FRK1__FLG22-induced receptor-like kinase 1 
258969_at At3g10680 0.328 HSP20-like chaperones superfamily protein 
247326_at At5g64110 0.332 Peroxidase superfamily protein 
255111_at At4g08780 0.332 Peroxidase superfamily protein 
249783_at At5g24270 0.335 ATSOS3_CBL4_SOS3__Calcium-binding EF-hand family protein 
257924_at At3g23190 0.344 HR-like lesion-inducing protein-related 
258130_at At3g24510 0.346 Defensin-like (DEFL) family protein 
259805_at At1g47890 0.348 AtRLP7_RLP7__receptor like protein 7 
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252265_at At3g49620 0.351 
DIN11__2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily 
protein 
250702_at At5g06730 0.369 Peroxidase superfamily protein 
253401_at At4g32870 0.372 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
252684_at At3g44400 0.377 Disease resistance protein (TIR-NBS-LRR class) family 
248980_at At5g45090 0.381 AtPP2-A7_PP2-A7__phloem protein 2-A7 
260581_at At2g47190 0.384 ATMYB2_MYB2__myb domain protein 2 
247939_at At5g57160 0.387 ATLIG4_LIG4__DNA ligase IV 
260904_at At1g02450 0.390 NIMIN-1_NIMIN1__NIM1-interacting 1 
245737_at At1g44160 0.413 HSP40/DnaJ peptide-binding protein 
258577_at At3g04220 0.415 Disease resistance protein (TIR-NBS-LRR class) family 
248306_at At5g52830 0.429 ATWRKY27_WRKY27__WRKY DNA-binding protein 27 
246614_at At5g35410 0.431 ATSOS2_CIPK24_SNRK3.11_SOS2__Protein kinase superfamily protein 
259841_at At1g52200 0.455 PLAC8 family protein 
265008_at At1g61560 0.457 ATMLO6_MLO6__Seven transmembrane MLO family protein 
245305_at At4g17215 0.470 Pollen Ole e 1 allergen and extensin family protein 
253993_at At4g26070 0.478 ATMEK1_MEK1_MKK1_NMAPKK__MAP kinase/ ERK kinase 1 
248996_at At5g45260 0.479 
ATWRKY52_RRS1_SLH1__Disease resistance protein (TIR-NBS-LRR 
class) 
259443_at At1g02360 0.487 Chitinase family protein 
255595_at At4g01700 0.492 Chitinase family protein 
260556_at At2g43620 0.282 Chitinase family protein 
260557_at At2g43610 0.417 Chitinase family protein 
260560_at At2g43590 0.433 Chitinase family protein 
247726_at At5g59430 0.481 ATTRP1_TRP1__telomeric repeat binding protein 1 
248995_at At5g45260 0.484 
ATWRKY52_RRS1_SLH1__Disease resistance protein (TIR-NBS-LRR 
class) 
266992_at At2g39200 0.485 ATMLO12_MLO12__Seven transmembrane MLO family protein 
262213_at At1g74870 0.491 RING/U-box superfamily protein 
248827_at At5g47100 0.492 ATCBL9_CBL9__calcineurin B-like protein 9 
249029_at At5g44870 0.495 Disease resistance protein (TIR-NBS-LRR class) family 
261899_at At1g80820 0.499 ATCCR2_CCR2__cinnamoyl coa reductase 
258351_at At3g17700 0.500 ATCNGC20_CNBT1_CNGC20__cyclic nucleotide-binding transporter 1 
Electron Transport and Energy Pathway 
261021_at At1g26380 0.168 FAD-binding Berberine family protein 
253503_at At4g31950 0.190 CYP82C3__cytochrome P450, family 82, subfamily C, polypeptide 3 
257623_at At3g26210 0.222 CYP71B23__cytochrome P450, family 71, subfamily B, polypeptide 23 
261005_at At1g26420 0.233 FAD-binding Berberine family protein 
261006_at At1g26410 0.253 FAD-binding Berberine family protein 
249051_at At5g44390 0.287 FAD-binding Berberine family protein 
257624_at At3g26220 0.289 CYP71B3__cytochrome P450, family 71, subfamily B, polypeptide 3 
245710_at At5g04330 0.304 Cytochrome P450 superfamily protein 
246984_at At5g67310 0.358 CYP81G1__cytochrome P450, family 81, subfamily G, polypeptide 1 
252629_at At3g44970 0.385 Cytochrome P450 superfamily protein 
266307_at At2g27000 0.389 CYP705A8__cytochrome P450, family 705, subfamily A, polypeptide 8 
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255934_at At1g12740 0.408 CYP87A2__cytochrome P450, family 87, subfamily A, polypeptide 2 
247579_at At5g61320 0.431 CYP89A3__cytochrome P450, family 89, subfamily A, polypeptide 3 
260376_at At1g74110 0.441 CYP78A10__cytochrome P450, family 78, subfamily A, polypeptide 10 
253097_at At4g37320 0.476 CYP81D5__cytochrome P450, family 81, subfamily D, polypeptide 5 
248358_at At5g52400 0.484 CYP715A1__cytochrome P450, family 715, subfamily A, polypeptide 1 
 
Unknown Protein 
263916_at At2g36440 0.181 unknown protein 
254647_at At4g18540 0.205 unknown protein 
255339_at At4g04480 0.206 unknown protein 
259385_at At1g13470 0.225 Protein of unknown function (DUF1262) 
254031_at At4g25920 0.232 Protein of unknown function (DUF295) 
250920_at At5g03390 0.235 Protein of unknown function (DUF295) 
249558_at At5g38310 0.237 unknown protein 
265189_at At1g23840 0.246 unknown protein 
265619_at At2g27320 0.247 Protein of Unknown Function (DUF239) 
254055_at At4g25330 0.247 unknown protein 
264635_at At1g65500 0.250 unknown protein 
252533_at At3g46110 0.256 Domain of unknown function (DUF966) 
256499_at At1g36640 0.263 unknown protein 
252286_at At3g49070 0.266 Protein of unknown function (DUF677) 
247051_at At5g66670 0.270 Protein of unknown function (DUF677) 
254571_at At4g19370 0.271 Protein of unknown function (DUF1218) 
250796_at At5g05300 0.283 unknown protein 
267636_at At2g42110 0.293 unknown protein 
254629_at At4g18425 0.297 Protein of unknown function (DUF679) 
260472_at At1g10990 0.299 unknown protein 
251671_at At3g57210 0.304 Protein of unknown function (DUF626) 
248133_at At5g54850 0.306 unknown protein 
252195_at At3g50190 0.310 Plant protein of unknown function (DUF247) 
266370_at At2g41350 0.318 unknown protein 
259495_at At1g15890 0.321 Disease resistance protein (CC-NBS-LRR class) family 
254092_at At4g25090 0.322 Riboflavin synthase-like superfamily protein 
249896_at At5g22530 0.334 unknown protein 
256283_at At3g12540 0.338 Protein of unknown function, DUF547 
265132_at At1g23830 0.339 unknown protein 
258203_at At3g13950 0.352 unknown protein 
246370_at At1g51920 0.357 unknown protein 
249528_at At5g38720 0.370 unknown protein 
263436_at At2g28690 0.382 Protein of unknown function (DUF1635) 
256054_at At1g07120 0.384 unknown protein 
263919_at At2g36470 0.386 Plant protein of unknown function (DUF868) 
260754_at At1g49000 0.390 unknown protein 
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254917_at At4g11350 0.394 Protein of unknown function (DUF604) 
251871_at At3g54520 0.394 unknown protein 
267475_at At2g02730 0.403 Protein of unknown function (DUF1664) 
253044_at At4g37290 0.408 unknown protein 
264636_at At1g65490 0.411 unknown protein 
265831_at At2g14460 0.412 unknown protein 
257074_at At3g19660 0.419 unknown protein 
261777_at At1g76210 0.420 Arabidopsis protein of unknown function (DUF241) 
252345_at At3g48640 0.421 unknown protein 
251684_at At3g56410 0.423 Protein of unknown function (DUF3133) 
253506_at At4g31980 0.424 unknown protein 
248706_at At5g48530 0.441 unknown protein 
259134_at At3g05390 0.444  Protein of unknown function DUF248 
249835_s_at At5g23490 At5g23510 0.451 unknown protein 
259653_at At1g55240 0.455 Family of unknown function (DUF716) 
248904_at At5g46295 0.461 unknown protein 
263475_at At2g31945 0.462 unknown protein 
247072_at At5g66490 0.466 unknown protein 
249156_s_at At5g43490 At5g48610 0.470 unknown protein 
254420_at At4g21500 0.472 unknown protein 
250267_at At5g12930 0.473 unknown protein 
260439_at At1g68340 0.483 Protein of unknown function (DUF1639) 
245770_at At1g30240 0.485 unknown protein 
265192_at At1g05060 0.486 unknown protein 
247934_at At5g57000 0.487 unknown protein 
257480_at At1g15640 0.488 unknown protein 
266717_at At2g46735 0.492 unknown protein 
249330_at At5g40970 0.492 Protein of unknown function (DUF 3339) 
249072_at At5g44060 0.496 unknown protein 
Cell Wall Biogenesis 
249744_at At5g24550 0.219 BGLU32__beta glucosidase 32 
249743_at At5g24540 0.219 BGLU31__beta glucosidase 31 
261394_at At1g79680 0.237 ATWAKL10_WAKL10__WALL ASSOCIATED KINASE (WAK)-LIKE 10 
247253_at At5g64790 0.239 O-Glycosyl hydrolases family 17 protein 
254536_at At4g19720 0.241 Glycosyl hydrolase family protein with chitinase insertion domain 
264500_at At1g09370 0.250 Plant invertase/pectin methylesterase inhibitor superfamily protein 
257479_at At1g16150 0.250 WAKL4__wall associated kinase-like 4 
251456_at At3g60120 0.251 BGLU27__beta glucosidase 27 
262665_at At1g14070 0.253 FUT7__fucosyltransferase 7 
263376_at At2g20520 0.253 FLA6__FASCICLIN-like arabinogalactan 6 
247753_at At5g59070 0.258 UDP-Glycosyltransferase superfamily protein 
246368_at At1g51890 0.260 Leucine-rich repeat protein kinase family protein 
261836_at At1g16090 0.262 WAKL7__wall associated kinase-like 7 
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260239_at At1g74360 0.262 Leucine-rich repeat protein kinase family protein 
257950_at At3g21780 0.266 UGT71B6__UDP-glucosyl transferase 71B6 
261842_at At1g16160 0.269 WAKL5__wall associated kinase-like 5 
254575_at At4g19460 0.269 UDP-Glycosyltransferase superfamily protein 
263232_at At1g05700 0.281 Leucine-rich repeat transmembrane protein kinase protein 
245056_at At2g26480 0.281 UGT76D1__UDP-glucosyl transferase 76D1 
245068_at At2g23260 0.284 UGT84B1__UDP-glucosyl transferase 84B1 
251761_at At3g55700 0.284 UDP-Glycosyltransferase superfamily protein 
251842_at At3g54580 0.291 Proline-rich extensin-like family protein 
248916_at At5g45840 0.298 Leucine-rich repeat protein kinase family protein 
261099_at At1g62980 0.298 ATEXP18_EXP18_EXPA18__expansin A18 
261875_at At1g50610 0.313 Leucine-rich repeat protein kinase family protein 
254229_at At4g23610 0.314 Late embryogenesis abundant (LEA) hydroxyproline-rich glycoprotein family 
247914_at At5g57540 0.316 AtXTH13_XTH13__xyloglucan endotransglucosylase/hydrolase 13 
252833_at At4g40090 0.319 AGP3__arabinogalactan protein 3 
264685_at At1g65610 0.321 ATGH9A2_KOR2__Six-hairpin glycosidases superfamily protein 
246373_at At1g51860 0.326 Leucine-rich repeat protein kinase family protein 
251625_at At3g57260 0.329 BG2_BGL2_PR-2_PR2__beta-1,3-glucanase 2 
253800_at At4g28160 0.333 hydroxyproline-rich glycoprotein family protein 
256170_at At1g51790 0.345 Leucine-rich repeat protein kinase family protein 
260568_at At2g43570 0.347 CHI__chitinase, putative 
258854_at At3g02100 0.349 UDP-Glycosyltransferase superfamily protein 
247922_at At5g57500 0.363 Galactosyltransferase family protein 
252452_at At3g47110 0.367 Leucine-rich repeat protein kinase family protein 
260492_at At2g41850 0.368 ADPG2_PGAZAT__polygalacturonase abscission zone A. thaliana 
247871_at At5g57530 0.368 AtXTH12_XTH12__xyloglucan endotransglucosylase/hydrolase 12 
263552_x_at At2g24980 0.369 Proline-rich extensin-like family protein 
252437_at At3g47380 0.370 Plant invertase/pectin methylesterase inhibitor superfamily protein 
247685_at At5g59680 0.379 Leucine-rich repeat protein kinase family protein 
266785_at At2g28970 0.379 Leucine-rich repeat protein kinase family protein 
250488_at At5g09700 0.380 Glycosyl hydrolase family protein 
261402_at At1g79670 0.381 RFO1_WAKL22__Wall-associated kinase family protein 
249314_at At5g41180 0.382 leucine-rich repeat transmembrane protein kinase family protein 
251652_at At3g57380 0.387 Glycosyltransferase family 61 protein 
246375_at At1g51830 0.390 Leucine-rich repeat protein kinase family protein 
263566_at At2g15340 0.392 glycine-rich protein 
246366_at At1g51850 0.397 Leucine-rich repeat protein kinase family protein 
263565_at At2g15390 0.397 atfut4_FUT4__fucosyltransferase 4 
252484_at At3g46690 0.399 UDP-Glycosyltransferase superfamily protein 
249518_at At5g38610 0.406 Plant invertase/pectin methylesterase inhibitor superfamily protein 
251970_at At3g53150 0.408 UGT73D1__UDP-glucosyl transferase 73D1 
262427_s_at At1g47600 At1g51470 0.411 BGLU34_TGG4__beta glucosidase 34 
250683_x_at At5g06640 0.443 Proline-rich extensin-like family protein 
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256169_at At1g51800 0.446 Leucine-rich repeat protein kinase family protein 
267119_at At2g32610 0.457 ATCSLB01_ATCSLB1_CSLB01_CSLB01__cellulose synthase-like B1 
247197_at At5g65240 0.464 Leucine-rich repeat protein kinase family protein 
247604_at At5g60950 0.469 COBL5__COBRA-like protein 5 precursor 
265992_at At2g24130 0.475 Leucine-rich receptor-like protein kinase family protein 
245151_at At2g47550 0.475 Plant invertase/pectin methylesterase inhibitor superfamily 
251843_x_at At3g54590 0.481 ATHRGP1_HRGP1__hydroxyproline-rich glycoprotein 
253569_at At4g31250 0.486 Leucine-rich repeat protein kinase family protein 
Root Hair Specific 
261550_at At1g63450 0.230 RHS8__root hair specific 8 
254107_at At4g25220 0.263 RHS15__root hair specific 15 
255516_at At4g02270 0.281 RHS13__root hair specific 13 
246991_at At5g67400 0.302 RHS19__root hair specific 19 
257418_at At1g30850 0.333 RSH4__root hair specific 4 
246367_at At1g51880 0.370 RHS6__root hair specific 6 
260366_at At1g70460 0.375 RHS10__root hair specific 10 
254338_s_at At4g22080 At4g22090 0.381 RHS14__root hair specific 14 
267409_at At2g34910 0.469 Root hair specific-like 4  
Other Biological Process 
255340_at At4g04490 0.169 CRK36__cysteine-rich RLK (RECEPTOR-like protein kinase) 36 
249770_at At5g24110 0.171 ATWRKY30_WRKY30__WRKY DNA-binding protein 30 
256044_at At1g07160 0.172 Protein phosphatase 2C family protein 
260848_at At1g21850 0.173 sks8__SKU5 similar 8 
253060_at At4g37710 0.181 VQ motif-containing protein 
254324_at At4g22640 0.182 
Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin 
superfamily protein 
256370_at At1g66780 0.186 MATE efflux family protein 
254897_at At4g11470 0.189 CRK31__cysteine-rich RLK (RECEPTOR-like protein kinase) 31 
258364_at At3g14225 0.191 GLIP4__GDSL-motif lipase 4 
263378_at At2g40180 0.198 ATHPP2C5_PP2C5__phosphatase 2C5 
245738_at At1g44130 0.201 Eukaryotic aspartyl protease family protein 
254869_at At4g11890 0.202 Protein kinase superfamily protein 
252364_at At3g48450 0.202 RPM1-interacting protein 4 (RIN4) family protein 
260149_at At1g52810 0.209 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
263655_at At1g04500 0.211 CCT motif family protein 
255074_at At4g09100 0.214 RING/U-box superfamily protein 
266084_at At2g37810 0.217 Cysteine/Histidine-rich C1 domain family protein 
251884_at At3g54150 0.218 S-adenosyl-L-methionine-dependent methyltransferases superfamily protein 
254884_at At4g11730 0.221 Cation transporter/ E1-E2 ATPase family protein 
251621_at At3g57700 0.225 Protein kinase superfamily protein 
247145_at At5g65600 0.225 Concanavalin A-like lectin protein kinase family protein 
260406_at At1g69920 0.226 ATGSTU12_GSTU12__glutathione S-transferase TAU 12 
264832_at At1g03660 0.226 Ankyrin-repeat containing protein 
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250983_at At5g02780 0.227 GSTL1__glutathione transferase lambda 1 
251054_at At5g01540 0.227 LECRKA4.1__lectin receptor kinase a4.1 
257564_at At3g28610 0.229 P-loop containing nucleoside triphosphate hydrolases superfamily protein 
249485_at At5g39020 0.231 Malectin/receptor-like protein kinase family protein 
249260_at At5g41680 0.235 Protein kinase superfamily protein 
267451_at At2g33710 0.235 Integrase-type DNA-binding superfamily protein 
258564_at At3g06560 0.236 PAPS3__poly(A) polymerase 3 
260755_at At1g48980 0.239 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
257511_at At1g43000 0.239 PLATZ transcription factor family protein 
254255_at At4g23220 0.239 CRK14__cysteine-rich RLK (RECEPTOR-like protein kinase) 14 
250415_at At5g11210 0.239 ATGLR2.5_GLR2.5__glutamate receptor 2.5 
247573_at At5g61160 0.242 AACT1__anthocyanin 5-aromatic acyltransferase 1 
260261_at At1g68450 0.242 VQ motif-containing protein 
266052_at At2g40740 0.244 ATWRKY55_WRKY55__WRKY DNA-binding protein 55 
254660_at At4g18250 0.245 receptor serine/threonine kinase, putative 
260706_at At1g32350 0.247 AOX1D__alternative oxidase 1D 
254394_at At4g21630 0.247 Subtilase family protein 
254247_at At4g23260 0.248 CRK18__cysteine-rich RLK (RECEPTOR-like protein kinase) 18 
261367_at At1g53080 0.249 Legume lectin family protein 
265260_at At2g43000 0.250 anac042_NAC042__NAC domain containing protein 42 
262771_at At1g13200 0.251 F-box and associated interaction domains-containing protein 
254205_at At4g24170 0.254 ATP binding microtubule motor family protein 
259360_at At1g13310 0.256 Endosomal targeting BRO1-like domain-containing protein 
252873_at At4g40020 0.256 Myosin heavy chain-related protein 
248934_at At5g46080 0.257 Protein kinase superfamily protein 
251633_at At3g57460 0.257 catalytics;metal ion binding 
252334_at At3g48850 0.257 PHT3;2__phosphate transporter 3;2 
257846_at At3g12910 0.258  domain transcriptional regulator superfamily protein 
267289_at At2g23770 0.259  peptidoglycan-binding LysM domain-containing protein 
249287_at At5g41250 0.260 Exostosin family protein 
256969_at At3g21080 0.261 ABC transporter-related 
260225_at At1g74590 0.261 ATGSTU10_GSTU10__glutathione S-transferase TAU 10 
259447_s_at At1g02430 At1g02440 0.261 ARFD1B_ATARFD1B__ADP-ribosylation factor D1B 
258117_at At3g14700 0.262 SART-1 family 
254416_at At4g21380 0.263 ARK3_RK3__receptor kinase 3 
251364_at At3g61300 0.264 C2 calcium/lipid-binding plant phosphoribosyltransferase family protein 
257540_at At3g21520 0.264 AtDMP1_DMP1__DUF679 domain membrane protein 1 
253413_at At4g33020 0.264 ATZIP9_ZIP9__ZIP metal ion transporter family 
255076_at At4g09130 0.265 RING/U-box superfamily protein 
263401_at At2g04070 0.266 MATE efflux family protein 
252939_at At4g39230 0.267 NmrA-like negative transcriptional regulator family protein 
264867_at At1g24150 0.269 ATFH4_FH4__formin homologue 4 
246534_at At5g15890 0.269 TBL21__TRICHOME BIREFRINGENCE-LIKE 21 
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247339_at At5g63690 0.269 Nucleic acid-binding, OB-fold-like protein 
261240_at At1g32940 0.272 ATSBT3.5_SBT3.5__Subtilase family protein 
252153_at At3g51360 0.273 Eukaryotic aspartyl protease family protein 
248443_at At5g51310 0.273 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
251226_at At3g62680 0.275 ATPRP3_PRP3__proline-rich protein 3 
254948_at At4g11000 0.276 Ankyrin repeat family protein 
245363_at At4g15120 0.277 VQ motif-containing protein 
249394_at At5g40180 0.279  TRICHOME BIREFRINGENCE-LIKE 22 
251594_at At3g57630 0.279 exostosin family protein 
259439_at At1g01480 0.279 ACS2_AT-ACC2__1-amino-cyclopropane-1-carboxylate synthase 2 
248317_at At5g52680 0.281 Copper transport protein family 
265186_at At1g23560 0.281 Domain of unknown function (DUF220) 
254905_at At4g11170 0.281 Disease resistance protein (TIR-NBS-LRR class) family 
249001_at At5g44990 0.281 Glutathione S-transferase family protein 
249618_at At5g37490 0.281 ARM repeat superfamily protein 
249480_s_at At5g38990 At5g39000 0.282 Malectin/receptor-like protein kinase family protein 
253747_at At4g29050 0.282 Concanavalin A-like lectin protein kinase family protein 
255654_at At4g00970 0.284 CRK41__cysteine-rich RLK (RECEPTOR-like protein kinase) 41 
262731_at At1g16420 0.284 ATMC8_MC8__metacaspase 8 
251097_at At5g01560 0.284 LECRKA4.3__lectin receptor kinase a4.3 
249495_at At5g39100 0.285 GLP6__germin-like protein 6 
263616_at At2g04680 0.286 Cysteine/Histidine-rich C1 domain family protein 
265582_at At2g20030 0.286 RING/U-box superfamily protein 
259213_at At3g09010 0.287 Protein kinase superfamily protein 
264083_at At2g31230 0.288 ATERF15_ERF15__ethylene-responsive element binding factor 15 
259737_at At1g64400 0.289 LACS3__AMP-dependent synthetase and ligase family protein 
262743_at At1g29020 0.289 Calcium-binding EF-hand family protein 
267372_at At2g26290 0.289 ARSK1__root-specific kinase 1 
258216_at At3g17980 0.289 Calcium-dependent lipid-binding (CaLB domain) family protein 
245074_at At2g23200 0.289 Protein kinase superfamily protein 
263776_s_at At2g46430 At2g46440 0.290 ATCNGC3_CNGC3_CNGC3.C__cyclic nucleotide gated channel 3 
248316_at At5g52670 0.290 Copper transport protein family 
260015_at At1g67980 0.290 CCOAMT__caffeoyl-CoA 3-O-methyltransferase 
247122_at At5g66020 0.290 ATSAC1B_IBS2_SACIB__Phosphoinositide phosphatase family protein 
246971_at At5g24940 0.291 Protein phosphatase 2C family protein 
265796_at At2g35730 0.291 Heavy metal transport/detoxification superfamily protein 
254521_at At5g44820 0.291 Nucleotide-diphospho-sugar transferase family protein 
261216_at At1g33030 0.292 O-methyltransferase family protein 
261365_at At1g53110 0.292 proton pump interactor-like 2 
247487_at At5g62150 0.295 peptidoglycan-binding LysM domain-containing protein 
251709_at At3g56380 0.297 ARR17_RR17__response regulator 17 
259974_at At1g76430 0.298 PHT1;9__phosphate transporter 1;9 
256750_at At3g27150 0.298 Galactose oxidase/kelch repeat superfamily protein 
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260344_at At1g69240 0.301 ATMES15_MES15_RHS9__methyl esterase 15 
266230_at At2g28830 0.302 AtPUB12_PUB12__PLANT U-BOX 12 
255407_at At4g03480 0.302 Ankyrin repeat family protein 
258049_at At3g16220 0.302 Predicted eukaryotic LigT 
254922_at At4g11370 0.302 RHA1A__RING-H2 finger A1A 
252582_at At3g45530 0.303 Cysteine/Histidine-rich C1 domain family protein 
254976_at At4g10510 0.304 Subtilase family protein 
265003_at At1g26970 0.304 Protein kinase superfamily protein 
253911_at At4g27300 0.304 S-locus lectin protein kinase family protein 
249477_s_at At5g38930 At5g38940 0.304 RmlC-like cupins superfamily protein 
259369_s_at At1g69150 At3g43890 0.305 Cysteine/Histidine-rich C1 domain family protein 
249364_at At5g40590 0.305 Cysteine/Histidine-rich C1 domain family protein 
253963_at At4g26470 0.306 Calcium-binding EF-hand family protein 
257583_at At1g66480 0.306 PMI2__plastid movement impaired 2 
247940_at At5g57190 0.308 PSD2__phosphatidylserine decarboxylase 2 
258942_at At3g09960 0.308 Calcineurin-like metallo-phosphoesterase superfamily protein 
263950_at At2g36020 0.308 HVA22J__HVA22-like protein J 
253795_at At4g28420 0.309 Tyrosine transaminase family protein 
245441_at At4g16700 0.310 PSD1__phosphatidylserine decarboxylase 1 
265014_at At1g24430 0.311 HXXXD-type acyl-transferase family protein 
266232_at At2g02310 0.312 AtPP2-B6_PP2-B6__phloem protein 2-B6 
245976_at At5g13080 0.312 ATWRKY75_WRKY75__WRKY DNA-binding protein 75 
254093_at At4g25110 0.313 AtMC2_MC2__metacaspase 2 
266913_at At2g45890 0.313 
ATROPGEF4_RHS11_ROPGEF4__RHO guanyl-nucleotide exchange factor 
4 
260752_at At1g49030 0.313 PLAC8 family protein 
254924_at At4g11330 0.314 ATMPK5_MPK5__MAP kinase 5 
264868_at At1g24090 0.314 RNase H family protein 
246374_at At1g51840 0.315 protein kinase-related 
249481_at At5g38900 0.315 Thioredoxin superfamily protein 
249889_at At5g22540 0.315 Plant protein of unknown function (DUF247) 
247613_at At5g60740 0.315 ABC transporter family protein 
252340_at At3g48920 0.316 AtMYB45_MYB45__myb domain protein 45 
259454_at At1g44050 0.316 Cysteine/Histidine-rich C1 domain family protein 
246321_at At1g16640 0.316 AP2/B3-like transcriptional factor family protein 
261660_at At1g18370 0.317 ATNACK1_HIK_NACK1__ATP binding microtubule motor family protein 
267207_at At2g30840 0.317 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
257366_s_at At2g03040 At2g03290 0.318 emp24/gp25L/p24 family/GOLD family protein 
245447_at At4g16820 0.319 PLA-I{beta]2__alpha/beta-Hydrolases superfamily protein 
248455_at At5g51360 0.319 Transcription elongation factor (TFIIS) family protein 
262303_at At1g70920 0.320 ATHB18_HB18__homeobox-leucine zipper protein 18 
266282_at At2g29220 0.321 Concanavalin A-like lectin protein kinase family protein 
266011_at At2g37440 0.321 DNAse I-like superfamily protein 
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258566_at At3g04110 0.321 ATGLR1.1_GLR1_GLR1.1__glutamate receptor 1.1 
257061_at At3g18250 0.322 Putative membrane lipoprotein 
266273_at At2g29410 0.322 ATMTPB1_MTPB1__metal tolerance protein B1 
249550_at At5g38210 0.323 Protein kinase family protein 
246988_at At5g67340 0.323 ARM repeat superfamily protein 
257481_at At1g08430 0.323 ALMT1_ATALMT1__aluminum-activated malate transporter 1 
258451_at At3g22360 0.323 AOX1B__alternative oxidase 1B 
248896_at At5g46350 0.324 ATWRKY8_WRKY8__WRKY DNA-binding protein 8 
248086_at At5g55490 0.325 ATGEX1_GEX1__gamete expressed protein 1 
264881_s_at At1g61270 At3g01760 0.326 Transmembrane amino acid transporter family protein 
259261_at At3g11390 0.326 Cysteine/Histidine-rich C1 domain family protein 
254347_at At4g22070 0.328 ATWRKY31_WRKY31__WRKY DNA-binding protein 31 
254673_at At4g18430 0.329 AtRABA1e_RABA1e__RAB GTPase homolog A1E 
265062_at At1g61550 0.329 S-locus lectin protein kinase family protein 
265016_at At1g24420 0.330 HXXXD-type acyl-transferase family protein 
256205_at At1g50890 0.332 ARM repeat superfamily protein 
257918_at At3g23230 0.333 Integrase-type DNA-binding superfamily protein 
267565_at At2g30750 0.335 CYP71A12__cytochrome P450, family 71, subfamily A, polypeptide 12 
254014_at At4g26120 0.335 Ankyrin repeat family protein / BTB/POZ domain-containing protein 
258975_at At3g01970 0.335 ATWRKY45_WRKY45__WRKY DNA-binding protein 45 
261027_at At1g01340 0.335 ACBK1_ATCNGC10_CNGC10__cyclic nucleotide gated channel 10 
263451_at At2g31690 0.336 alpha/beta-Hydrolases superfamily protein 
259428_at At1g01560 0.336 ATMPK11_MPK11__MAP kinase 11 
265121_at At1g62560 0.336 FMO GS-OX3__flavin-monooxygenase glucosinolate S-oxygenase 3 
262244_at At1g48260 0.336 CIPK17_SnRK3.21__CBL-interacting protein kinase 17 
257829_at At3g26680 0.336 ATSNM1_SNM1__DNA repair metallo-beta-lactamase family protein 
255941_at At1g20350 0.337 ATTIM17-1_TIM17-1__translocase inner membrane subunit 17-1 
249779_at At5g24230 0.338 Lipase class 3-related protein 
260756_at At1g48970 0.340 NagB/RpiA/CoA transferase-like superfamily protein 
246409_at At1g57700 0.340 Protein kinase superfamily protein 
251277_at At3g61760 0.341 ADL1B_DL1B__DYNAMIN-like 1B 
251832_at At3g55150 0.343 ATEXO70H1_EXO70H1__exocyst subunit exo70 family protein H1 
262530_at At1g17240 0.343 AtRLP2_RLP2__receptor like protein 2 
253819_at At4g28350 0.343 Concanavalin A-like lectin protein kinase family protein 
266070_at At2g18660 0.344 PNP-A__plant natriuretic peptide A 
258084_at At3g26020 0.344 Protein phosphatase 2A regulatory B subunit family protein 
246397_at At1g58190 0.345 AtRLP9_RLP9__receptor like protein 9 
252596_at At3g45330 0.345 Concanavalin A-like lectin protein kinase family protein 
254857_at At4g12120 0.346 ATSEC1B_SEC1B__Sec1/munc18-like (SM) proteins superfamily 
253573_at At4g31020 0.346 alpha/beta-Hydrolases superfamily protein 
256664_at At3g12040 0.346 DNA-3-methyladenine glycosylase (MAG) 
257978_at At3g20860 0.348 ATNEK5_NEK5__NIMA-related kinase 5 
259576_at At1g35330 0.348 RING/U-box superfamily protein 
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252977_at At4g38560 0.349 Arabidopsis phospholipase-like protein (PEARLI 4) family 
256847_at At3g27950 0.349 GDSL-like Lipase/Acylhydrolase superfamily protein 
254898_at At4g11480 0.350 CRK32__cysteine-rich RLK (RECEPTOR-like protein kinase) 32 
245381_at At4g17785 0.352 MYB39__myb domain protein 39 
252701_at At3g43700 0.352 ATBPM6_BPM6__BTB-POZ and MATH domain 6 
264272_at At1g60280 0.353 ANAC023_NAC023__NAC domain containing protein 23 
256989_at At3g28580 0.354 P-loop containing nucleoside triphosphate hydrolases superfamily protein 
250603_at At5g07820 0.355 Plant calmodulin-binding protein-related 
267215_at At2g02630 0.356 Cysteine/Histidine-rich C1 domain family protein 
266571_at At2g23830 0.357 PapD-like superfamily protein 
246282_at At4g36580 0.357 AAA-type ATPase family protein 
265728_at At2g31990 0.360 Exostosin family protein 
253656_at At4g30090 0.361 emb1353__embryo defective 1353 
265881_at At2g42480 0.362 TRAF-like family protein 
267037_at At2g38320 0.363 TBL34__TRICHOME BIREFRINGENCE-LIKE 34 
247252_at At5g64770 0.363 RGF9__Encodes a root meristem growth factor (RGF) 
256141_at At1g48640 0.363 Transmembrane amino acid transporter family protein 
247674_at At5g59930 0.365 Cysteine/Histidine-rich C1 domain family protein 
264578_at At1g05370 0.366 Sec14p-like phosphatidylinositol transfer family protein 
259852_at At1g72280 0.366 AERO1_ERO1__endoplasmic reticulum oxidoreductins 1 
265428_at At2g20720 0.366 Pentatricopeptide repeat (PPR) superfamily protein 
265170_at At1g23730 0.367 ATBCA3_BCA3__beta carbonic anhydrase 3 
246405_at At1g57630 0.368 Toll-Interleukin-Resistance (TIR) domain family protein 
254249_at At4g23280 0.368 CRK20__cysteine-rich RLK (RECEPTOR-like protein kinase) 20 
264505_at At1g09380 0.369 nodulin MtN21 /EamA-like transporter family protein 
252862_at At4g39830 0.369 Cupredoxin superfamily protein 
261449_at At1g21120 0.370 O-methyltransferase family protein 
266233_at At2g02340 0.370 AtPP2-B8_PP2-B8__phloem protein 2-B8 
252498_at At3g46810 0.372 Cysteine/Histidine-rich C1 domain family protein 
255342_at At4g04510 0.372 CRK38__cysteine-rich RLK (RECEPTOR-like protein kinase) 38 
247254_at At5g64800 0.373 CLE21__CLAVATA3/ESR-RELATED 21 
259345_s_at At3g03700 At3g04440 0.373 Plasma-membrane choline transporter family protein 
264029_at At2g03720 0.374 MRH6__Adenine nucleotide alpha hydrolases-like superfamily protein 
247675_at At5g59940 0.374 Cysteine/Histidine-rich C1 domain family protein 
263395_at At2g20510 0.376 ATTIM44-1_TIM44-1__translocase inner membrane subunit 44-1 
251405_at At3g60330 0.376 AHA7_HA7__H(+)-ATPase 7 
256162_at At1g55390 0.376 Cysteine/Histidine-rich C1 domain family protein 
247831_at At5g58540 0.376 Protein kinase superfamily protein 
249401_at At5g40260 0.377 Nodulin MtN3 family protein 
248123_at At5g54720 0.378 Ankyrin repeat family protein 
266083_at At2g37820 0.378 Cysteine/Histidine-rich C1 domain family protein 
247581_at At5g61350 0.378 Protein kinase superfamily protein 
252511_at At3g46280 0.379 protein kinase-related 
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257135_at At3g12900 0.380 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
257206_at At3g16530 0.381 Legume lectin family protein 
246401_at At1g57560 0.381 AtMYB50_MYB50__myb domain protein 50 
266168_at At2g38870 0.381 Serine protease inhibitor, potato inhibitor I-type family protein 
254060_at At4g25350 0.383 SHB1__EXS (ERD1/XPR1/SYG1) family protein 
261198_at At1g12940 0.383 ATNRT2.5_NRT2.5__nitrate transporter2.5 
249186_at At5g43040 0.384 Cysteine/Histidine-rich C1 domain family protein 
260386_at At1g74010 0.384 Calcium-dependent phosphotriesterase superfamily protein 
247740_at At5g58940 0.385 CRCK1__calmodulin-binding receptor-like cytoplasmic kinase 1 
250779_at At5g05470 0.385 ATEIF2-A2_eukaryotic translation initiation factor 2 alpha subunit 
249185_at At5g43030 0.386 Cysteine/Histidine-rich C1 domain family protein 
258177_at At3g21660 0.386 UBX domain-containing protein 
252311_at At3g49370 0.387 Calcium-dependent protein kinase (CDPK) family protein 
246868_at At5g26010 0.387 Protein phosphatase 2C family protein 
249021_at At5g44820 0.388 Nucleotide-diphospho-sugar transferase family protein 
256762_at At3g25655 0.389 IDL1__inflorescence deficient in abscission (IDA)-like 1 
261249_at At1g05880 0.390 ARI12_ATARI12__RING/U-box superfamily protein 
245533_at At4g15130 0.390 ATCCT2_CCT2__phosphorylcholine cytidylyltransferase2 
265846_at At2g35770 0.391 scpl28__serine carboxypeptidase-like 28 
267202_s_at At2g31020 At2g31030 0.391 ORP1A__OSBP(oxysterol binding protein)-related protein 1A 
266666_at At2g29780 0.392 Galactose oxidase/kelch repeat superfamily protein 
246461_at At5g16930 0.392 AAA-type ATPase family protein 
256177_at At1g51620 0.392 Protein kinase superfamily protein 
265987_at At2g24240 0.393 BTB/POZ domain with WD40/YVTN repeat-like protein 
264629_at At1g65540 0.394 LETM1-like protein 
248154_at At5g54400 0.395 S-adenosyl-L-methionine-dependent methyltransferases superfamily protein 
245440_at At4g16680 0.395 P-loop containing nucleoside triphosphate hydrolases superfamily protein 
248192_at At5g54140 0.395 ILL3__IAA-leucine-resistant (ILR1)-like 3 
249790_at At5g24290 0.396 Vacuolar iron transporter (VIT) family protein 
261029_at At1g17330 0.397 Metal-dependent phosphohydrolase 
256057_at At1g07180 0.398 ATNDI1_NDA1__alternative NAD(P)H dehydrogenase 1 
267604_at At2g32930 0.399 ZFN2__zinc finger nuclease 2 
257670_at At3g20340 0.400 an inducer of photoxidative stress. 
256018_at At1g58300 0.401 HO4__heme oxygenase 4 
248298_at At5g53110 0.401 RING/U-box superfamily protein 
257621_at At3g20410 0.401 CPK9__calmodulin-domain protein kinase 9 
264308_at At1g61990 0.401 Mitochondrial transcription termination factor family protein 
249777_at At5g24210 0.401 alpha/beta-Hydrolases superfamily protein 
246247_at At4g36640 0.402 Sec14p-like phosphatidylinositol transfer family protein 
248404_at At5g51460 0.404 ATTPPA__Haloacid dehalogenase-like hydrolase (HAD) superfamily protein 
262254_at At1g53920 0.405 GLIP5__GDSL-motif lipase 5 
247071_at At5g66640 0.406 DAR3__DA1-related protein 3 
255845_at At2g33600 0.406 NAD(P)-binding Rossmann-fold superfamily protein 
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259260_at At3g11370 0.407 Cysteine/Histidine-rich C1 domain family protein 
251053_at At5g01490 0.407 ATCAX4_CAX4__cation exchanger 4 
246927_s_at At5g25250 At5g25260 0.407 SPFH/Band 7/PHB domain-containing membrane-associated protein family 
264223_s_at At3g16030 0.407 CES101__lectin protein kinase family protein 
251973_at At3g53180 0.407 glutamate-ammonia ligases;catalytics;glutamate-ammonia ligases 
254040_at At4g25900 0.408 Galactose mutarotase-like superfamily protein 
252575_at At3g45440 0.408 Concanavalin A-like lectin protein kinase family protein 
256376_s_at At1g66690 At1g66700 0.411 S-adenosyl-L-methionine-dependent methyltransferases superfamily protein 
257504_at At1g52240 0.411 ATROPGEF11_RHO guanyl-nucleotide exchange factor 11 
267490_at At2g19130 0.415 S-locus lectin protein kinase family protein 
266737_at At2g47140 0.415 NAD(P)-binding Rossmann-fold superfamily protein 
253768_at At4g28550 0.416 Ypt/Rab-GAP domain of gyp1p superfamily protein 
252864_at At4g39740 0.416 Thioredoxin superfamily protein 
251400_at At3g60420 0.417 Phosphoglycerate mutase family protein 
257659_at At3g13226 0.417 regulatory protein RecX family protein 
254314_at At4g22470 0.418 protease inhibitor/seed storage/lipid transfer protein (LTP) family protein 
262669_at At1g62850 0.418 Class I peptide chain release factor 
265422_at At2g20800 0.418 NDB4__NAD(P)H dehydrogenase B4 
249221_at At5g42440 0.421 Protein kinase superfamily protein 
249773_at At5g24140 0.421 SQP2__squalene monooxygenase 2 
246844_at At5g26660 0.423 ATMYB86_MYB86__myb domain protein 86 
262090_at At1g55970 0.423 HAC04_HAG4__histone acetyltransferase of the CBP family 4 
248190_at At5g54130 0.423 Calcium-binding endonuclease/exonuclease/phosphatase family 
247032_at At5g67240 0.424 SDN3__small RNA degrading nuclease 3 
266983_at At2g39400 0.425 alpha/beta-Hydrolases superfamily protein 
264762_at At1g61460 0.426 S-locus protein kinase, putative 
245932_at At5g09290 0.426 Inositol monophosphatase family protein 
258651_at At3g09920 0.426 PIP5K9__phosphatidyl inositol monophosphate 5 kinase 
267588_at At2g42060 0.426 Cysteine/Histidine-rich C1 domain family protein 
266626_at At2g35360 0.428 ubiquitin family protein 
256319_at At1g35910 0.428 Haloacid dehalogenase-like hydrolase (HAD) superfamily protein 
246889_at At5g25470 0.429 AP2/B3-like transcriptional factor family protein 
260394_at At1g74080 0.431 ATMYB122_MYB122__myb domain protein 122 
254169_at At4g24290 0.431 MAC/Perforin domain-containing protein 
260845_at At1g17310 0.431 MADS-box transcription factor family protein 
267026_at At2g38340 0.434 Integrase-type DNA-binding superfamily protein 
263098_at At2g16005 0.434 MD-2-related lipid recognition domain-containing protein 
258808_at At3g04050 0.434 Pyruvate kinase family protein 
251479_at At3g59700 0.436 ATHLECRK_HLECRK_LECRK1__lectin-receptor kinase 
265632_at At2g14290 0.436 F-box family protein with a domain of unknown function (DUF295) 
253431_at At4g32440 0.437 Plant Tudor-like RNA-binding protein 
259795_at At1g64290 0.439 F-box protein-related 
248082_at At5g55400 0.440 Actin binding Calponin homology (CH) domain-containing protein 
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256098_at At1g13700 0.442 PGL1__6-phosphogluconolactonase 1 
251906_at At3g53720 0.442 ATCHX20_CHX20__cation/H+ exchanger 20 
264717_at At1g70140 0.444 ATFH8_FH8__formin 8 
261809_at At1g08340 0.446 Rho GTPase activating protein with PAK-box/P21-Rho-binding domain 
265208_at At2g36690 0.446 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
251096_at At5g01550 0.448 LECRKA4.2__lectin receptor kinase a4.1 
263476_at At2g31870 0.448 TEJ__Poly (ADP-ribose) glycohydrolase (PARG) 
265853_at At2g42360 0.449 RING/U-box superfamily protein 
263854_at At2g04430 0.449 atnudt5_NUDT5__nudix hydrolase homolog 5 
261481_at At1g14260 0.452 RING/FYVE/PHD zinc finger superfamily protein 
261142_at At1g19780 0.453 ATCNGC8_CNGC8_CNGC8__cyclic nucleotide gated channel 8 
264895_at At1g23100 0.455 GroES-like family protein 
258175_at At3g21640 0.457 ATFKBP42_FKBP-type peptidyl-prolyl cis-trans isomerase family protein 
247554_at At5g61010 0.457 ATEXO70E2_EXO70E2__exocyst subunit exo70 family protein E2 
266584_s_at At1g13430 At2g14920 0.458 ATST4C_ST4C__sulfotransferase 4C 
256935_at At3g22570 0.458 
Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin 
superfamily protein 
256998_at At3g14180 0.461 sequence-specific DNA binding transcription factors 
248060_at At5g55560 0.461 Protein kinase superfamily protein 
247314_at At5g64000 0.463 ATSAL2_SAL2__Inositol monophosphatase family protein 
256618_at At3g24440 0.463 VIL1_VRN5__Fibronectin type III domain-containing protein 
249527_at At5g38710 0.464 Methylenetetrahydrofolate reductase family protein 
265614_at At2g25355 0.465 PNAS-3 related 
265939_at At2g19650 0.466 Cysteine/Histidine-rich C1 domain family protein 
262611_at At1g14060 0.467 GCK domain-containing protein 
248464_at At5g51160 0.467 Ankyrin repeat family protein 
249841_at At5g23520 0.469 smr (Small MutS Related) domain-containing protein 
253696_at At4g29740 0.469 ATCKX4_CKX4__cytokinin oxidase 4 
255599_at At4g01010 0.469 ATCNGC13_CNGC13__cyclic nucleotide-gated channel 13 
247500_at At5g61910 0.469 DCD (Development and Cell Death) domain protein 
266712_at At2g46750 0.470 D-arabinono-1,4-lactone oxidase family protein 
263923_at At2g36485 0.471 ENTH/VHS family protein 
264415_at At1g43160 0.471 RAP2.6__related to AP2 6 
248357_at At5g52380 0.471 VASCULAR-RELATED NAC-DOMAIN 6 
257748_at At3g18710 0.472 ATPUB29_PUB29__plant U-box 29 
261585_at At1g01010 0.472 ANAC001_NAC001__NAC domain containing protein 1 
257534_at At3g09670 0.473 Tudor/PWWP/MBT superfamily protein 
263584_at At2g17040 0.474 anac036_NAC036__NAC domain containing protein 36 
263262_at At2g38830 0.475 Ubiquitin-conjugating enzyme/RWD-like protein 
245808_at At1g58470 0.475 ATRBP1_RBP1__RNA-binding protein 1 
251432_at At3g59820 0.478 LETM1-like protein 
266306_at At2g26970 0.478 Polynucleotidyl transferase, ribonuclease H-like superfamily protein 
252068_at At3g51440 0.480 Calcium-dependent phosphotriesterase superfamily protein 
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263404_s_at At2g04090 At2g04100 0.480 MATE efflux family protein 
253256_at At4g34360 0.480 S-adenosyl-L-methionine-dependent methyltransferases superfamily protein 
253181_at At4g35180 0.481 LHT7__LYS/HIS transporter 7 
259511_at At1g12520 0.481 ATCCS_CCS__copper chaperone for SOD1 
266176_at At2g02250 0.482 AtPP2-B2_PP2-B2__phloem protein 2-B2 
259176_at At3g01610 0.482 CDC48C_emb1354__cell division cycle 48C 
250999_at At5g02630 0.482 Lung seven transmembrane receptor family protein 
266693_at At2g19800 0.482 MIOX2__myo-inositol oxygenase 2 
248871_at At5g46680 0.483 Pentatricopeptide repeat (PPR-like) superfamily protein 
261846_at At1g11540 0.483 Sulfite exporter TauE/SafE family protein 
252136_at At3g50770 0.484 CML41__calmodulin-like 41 
249188_at At5g42830 0.484 HXXXD-type acyl-transferase family protein 
261873_at At1g11350 0.484 CBRLK1_RKS2_SD1-13__S-domain-1 13 
251887_at At3g54170 0.485 ATFIP37_FIP37__FKBP12 interacting protein 37 
252359_at At3g48440 0.486 Zinc finger C-x8-C-x5-C-x3-H type family protein 
255893_at At1g17960 0.486 Threonyl-tRNA synthetase 
254294_at At4g23070 0.487 ATRBL7_RBL7__RHOMBOID-like protein 7 
266071_at At2g18670 At2g18680 0.487 RING/U-box superfamily protein 
266975_at At2g39380 0.487 ATEXO70H2_EXO70H2__exocyst subunit exo70 family protein H2 
248775_at At5g47850 0.488 CCR4__CRINKLY4 related 4 
246607_at At5g35370 0.489 S-locus lectin protein kinase family protein 
258315_at At3g16175 0.489 Thioesterase superfamily protein 
260403_at At1g69810 0.489 ATWRKY36_WRKY36__WRKY DNA-binding protein 36 
250786_at At5g05540 0.489 SDN2__small RNA degrading nuclease 2 
246349_at At1g51915 0.490 cryptdin protein-related 
257951_at At3g21700 0.490 ATSGP2_SGP2__Ras-related small GTP-binding family protein 
256774_at At3g13760 0.491 Cysteine/Histidine-rich C1 domain family protein 
251980_at At3g53270 0.493 Small nuclear RNA activating complex (SNAPc), subunit SNAP43 protein 
255628_at At4g00850 0.495 GIF3__GRF1-interacting factor 3 
259040_at At3g09270 0.495 ATGSTU8_GSTU8__glutathione S-transferase TAU 8 
250149_at At5g14700 0.496 NAD(P)-binding Rossmann-fold superfamily protein 
265852_at At2g42350 0.496 RING/U-box superfamily protein 
252098_at At3g51330 0.496 Eukaryotic aspartyl protease family protein 
263061_at At2g18190 0.497 P-loop containing nucleoside triphosphate hydrolases superfamily protein 
261450_s_at At1g21110 At1g21120 0.497 O-methyltransferase family protein 
250302_at At5g11920 0.498 AtcwINV6_cwINV6__6-&1-fructan exohydrolase 
265597_at At2g20142 0.498 Toll-Interleukin-Resistance (TIR) domain family protein 
262459_at At1g50400 0.498 Eukaryotic porin family protein 
264929_at At1g60730 0.499 NAD(P)-linked oxidoreductase superfamily protein 
253173_at At4g35110 0.500 Arabidopsis phospholipase-like protein (PEARLI 4) family 
246389_at At1g77380 0.500 AAP3_ATAAP3__amino acid permease 3 
259976_at At1g76560 0.500 CP12-3__CP12 domain-containing protein 3 




Table 29. The regulated genes by Flupoxam 
Affy ID AGI ID FC Annotation 
Cell Wall-Related 
256181_at At1g51820 2.197 Leucine-rich repeat protein kinase family protein 
249235_at At5g42100 1.877 ATBG_PAP_ATBG_PPAP_BG_PPAP__beta-1,3-glucanase_putative 
254770_at At4g13340 1.835 Leucine-rich repeat (LRR) family protein 
265066_at At1g03870 1.783 FLA9__FASCICLIN-like arabinoogalactan 9 
248721_at At5g47780 1.762 GAUT4__galacturonosyltransferase 4 
256578_at At3g28200 1.749 Peroxidase superfamily protein 
256763_at At3g16860 1.712 COBL8__COBRA-like protein 8 precursor 
254042_at At4g25810 1.574 XTH23_XTR6__xyloglucan endotransglycosylase 6 
Defense Mechanism 
260856_at At1g21910 1.420 Integrase-type DNA-binding superfamily protein 
264899_at At1g23130 1.716 Polyketide cyclase/dehydrase and lipid transport superfamily protein 




1.512 NAXT1__nitrate excretion transporter1 
256578_at At3g28200 1.749 Peroxidase superfamily protein 
257315_at At3g30775 1.423 AT-POX_ATPDH_PRODH__Methylenetetrahydrofolate reductase family protein 
252639_at At3g44550 1.895 FAR5__fatty acid reductase 5 
249174_at At5g42900 1.906 COR27__cold regulated gene 27 
unknown proteins 
248226_at 248226_at 2.293 unknown protein 
263613_at At2g25250 1.942 unknown protein 
257076_at At3g19680 1.803 Protein of unknown function (DUF1005) 
254656_at At4g18070 1.453 unknown protein 
250653_at At5g06930 1.409 unknown protein 
Other Biological Process 
264195_at At1g22690 2.593 Gibberellin-regulated family protein 
259834_at At1g69570 2.199 Dof-type zinc finger DNA-binding family protein 
255962_at At1g22330 2.173 RNA-binding (RRM/RBD/RNP motifs) family protein 
261261_at At1g26730 2.035 EXS (ERD1/XPR1/SYG1) family protein 
262630_at At1g06520 2.026 ATGPAT1_GPAT1__glycerol-3-phosphate acyltransferase 1 
259120_at At3g02240 1.951 RGF7__Encodes a root meristem growth factor (RGF) 
257697_at At3g12700 1.916 Eukaryotic aspartyl protease family protein 
267240_at At2g02680 1.867 Cysteine/Histidine-rich C1 domain family protein 
260667_at At1g19440 1.819 KCS4__3-ketoacyl-CoA synthase 4 
259351_at At3g05150 1.799 Major facilitator superfamily protein 
255969_at At1g22330 1.785 RNA-binding (RRM/RBD/RNP motifs) family protein 
249741_at At5g24470 1.782 APRR5_PRR5__pseudo-response regulator 5 
265771_at At2g48030 1.780 DNAse I-like superfamily protein 
255070_at At4g09020 1.773 ATISA3_ISA3__isoamylase 3 
249190_at At5g42750 1.762 BKI1__BRI1 kinase inhibitor 1 
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252269_at At3g49580 1.751 LSU1__response to low sulfur 1 
258541_at At3g07000 1.654 Cysteine/Histidine-rich C1 domain family protein 
256368_at At1g66800 1.636 NAD(P)-binding Rossmann-fold superfamily protein 
248871_at At5g46680 1.633 Pentatricopeptide repeat (PPR-like) superfamily protein 
262908_at At1g59900 1.624 AT-E1 ALPHA_E1 ALPHA__pyruvate dehydrogenase complex E1 alpha subunit 
251519_at At3g59400 1.614 GUN4__enzyme binding;tetrapyrrole binding 
252989_at At4g38420 1.596 sks9__SKU5 similar 9 
265530_at At2g06050 1.554 DDE1_OPR3__oxophytodienoate-reductase 3 
250663_at At5g07110 1.554 PRA1.B6__prenylated RAB acceptor 1.B6 




1.512 NAXT1__nitrate excretion transporter1 
250954_at At5g03520 1.511 ATRAB-E1D_ATRAB8C_ATRABE1D_RAB-E1D_RAB8C__RAB GTPase homolog 8C 
245757_at At1g35140 1.493 EXL7_PHI-1__Phosphate-responsive 1 family protein 
257315_at At3g30775 1.423 AT-POX_ATPDH_ATPOX_Methylenetetrahydrofolate reductase family protein 
260856_at At1g21910 1.420 Integrase-type DNA-binding superfamily protein 
246030_at At5g21105 1.416 Plant L-ascorbate oxidase 
258893_at At3g05660 1.404 AtRLP33_RLP33__receptor like protein 33 
255064_at At4g08950 1.384 EXO__Phosphate-responsive 1 family protein 
Down-regulated genes 
250868_at At5g03860 0.317 MLS (MALATE SYNTHASE); malate synthase 
257947_at At3g21720 0.255 ICL (ISOCITRATE LYASE); catalytic/ isocitrate lyase 
251658_at At3g57020 0.252 strictosidine synthase family protein 
258151_at At3g18080 0.507 BGLU44 (B-S GLUCOSIDASE 44) 
















Table 30. The overlapped induced genes based on mutually normalized data 
Affy ID AGI ID FC Annotation 
250207_at At5g13930 3.326 ATCHS_CHS_TT4__Chalcone and stilbene synthase family protein 
257318_at At2g07777 AtMg01090 3.303 ATP synthase 9 mitochondrial 
265255_at At2g28420 3.291 Lactoylglutathione lyase / glyoxalase I family protein 
244998_at AtCg00180 3.130 RPOC1__DNA-directed RNA polymerase family protein 
266141_at At2g02120 3.062 LCR70_PDF2.1__Scorpion toxin-like knottin superfamily protein 
266393_at At2g41260 3.056 
ATM17_M17__glycine-rich protein / late embryogenesis abundant protein 
(M17) 
263320_at At2g47180 2.975 AtGolS1_GolS1__galactinol synthase 1 
253767_at At4g28520 2.960 CRC_CRU3__cruciferin 3 
260221_at At1g74670 2.956 Gibberellin-regulated family protein 
265111_at At1g62510 2.954 Bifunctional inhibitor/lipid-transfer protein/seed storage 2S albumin  
265233_s_at At2g07718 AtMg00590 2.919 Cytochrome b/b6 protein 
245524_at At4g15920 2.863 Nodulin MtN3 family protein 
256354_at At1g54870 2.809 NAD(P)-binding Rossmann-fold superfamily protein 
264899_at At1g23130 2.807 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
252092_at At3g51420 2.799 ATSSL4_SSL4__strictosidine synthase-like 4 
244962_at AtCg01050 2.702 NDHD__NADH-Ubiquinone/plastoquinone (complex I) protein 
245602_at At4g14270 2.698 
Protein containing PAM2 motif which mediates interaction with the PABC 
domain of polyadenyl binding proteins. 
264494_at At1g27461 2.695 unknown protein 
251731_at At3g56350 2.653 Iron/manganese superoxide dismutase family protein 
263761_at At2g21330 2.624 FBA1__fructose-bisphosphate aldolase 1 
250083_at At5g17220 2.606 ATGSTF12_GST26_GSTF12_TT19__glutathione S-transferase phi 12 
244944_s_at AtMg00080 AtMg00090 2.603 RPL16__ribosomal protein L16 
245017_at AtCg00510 2.467 PSAI__photsystem I subunit I 
252137_at At3g50980 2.462 XERO1__dehydrin xero 1 
251838_at At3g54940 2.441 Papain family cysteine protease 
244997_at AtCg00170 2.416 RPOC2__DNA-directed RNA polymerase family protein 
261957_at At1g64660 2.380 ATMGL_MGL__methionine gamma-lyase 
245347_at At4g14890 2.357 2Fe-2S ferredoxin-like superfamily protein 
260917_at At1g02700 2.352 unknown protein 
264185_at At1g54780 2.344 TLP18.3__thylakoid lumen 18.3 kDa protein 
265511_at At2g05540 2.314 Glycine-rich protein family 
253894_at At4g27150 2.286 AT2S2_SESA2__seed storage albumin 2 
258935_at At3g10120 2.286 unknown protein 
257337_at AtMg00060 2.280 NAD5_NAD5.3_NAD5C__NADH dehydrogenase subunit 5C 
257510_at At1g55360 2.269 Protein of Unknown Function (DUF239) 
257323_at AtMg01200 2.248 ORF294__hypothetical protein 
260458_at At1g68250 2.225 unknown protein 
249427_at At5g39850 2.225 Ribosomal protein S4 
244903_at AtMg00660 2.202 ORF149__hypothetical protein 
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253922_at At4g26850 2.191 VTC2__mannose-1-phosphate guanylyltransferase (GDP) 
253887_at At4g27730 2.173 ATOPT6_OPT6__oligopeptide transporter 1 
245044_at At2g26500 2.160 cytochrome b6f complex subunit (petM), putative 
258434_at At3g16770 2.104 ATEBP_EBP_ERF72_RAP2.3__ethylene-responsive element binding protein 
257334_at AtMg01370 2.097 ORF111D__hypothetical protein 
246548_at At5g14910 2.081 Heavy metal transport/detoxification superfamily protein 
266001_at At2g24150 2.078 HHP3__heptahelical protein 3 
249082_at At5g44120 2.054 ATCRA1_CRA1_CRU1__RmlC-like cupins superfamily protein 
244996_at AtCg00160 2.050 RPS2__ribosomal protein S2 
245003_at AtCg00280 2.048 PSBC__photosystem II reaction center protein C 
255807_at At4g10270 2.044 Wound-responsive family protein 
245070_at At2g23240 2.041 Plant EC metallothionein-like protein, family 15 
244951_s_at At2g07723 AtMg00180 2.033 unknown protein 
245048_at AtCg00040 2.032 MATK__maturase K 
260481_at At1g10960 2.023 ATFD1_FD1__ferredoxin 1 
246432_at At5g17490 2.020 RGL3__RGA-like protein 3 
253182_at At4g35190 2.018 Putative lysine decarboxylase family protein 
244923_s_at AtMg01020 2.013 ORF153B__hypothetical protein 
245015_at AtCg00490 2.004 RBCL__ribulose-bisphosphate carboxylases 
263502_s_at At2g07675 AtMg00980 2.004 Ribosomal protein S12/S23 family protein 




2.002 unknown protein 
246990_at At5g67360 2.000 ARA12__Subtilase family protein 




1.990 unknown protein 
244953_s_at At2g07731 AtMg00270 1.965 unknown protein 
262230_at At1g68560 1.934 ATXYL1_TRG1_XYL1__alpha-xylosidase 1 
254283_s_at At4g22870 At4g22880 1.931 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
261769_at At1g76100 1.920 PETE1__plastocyanin 1 
257205_at At3g16520 1.910 UGT88A1__UDP-glucosyl transferase 88A1 




1.879 unknown protein 
264508_at At1g09570 1.872 FHY2_FRE1_HY8_PHYA__phytochrome A 
244906_at AtMg00690 1.861 ORF240A__hypothetical protein 
245089_at At2g45290 1.827 Transketolase 
244945_at AtMg00110 1.821 CCB206__cytochrome C biogenesis 206 
262884_at At1g64720 1.820 CP5__Polyketide cyclase/dehydrase and lipid transport superfamily protein 
258179_at At3g21690 1.815 MATE efflux family protein 
254234_at At4g23680 1.811 Polyketide cyclase/dehydrase and lipid transport superfamily protein 
252047_at At3g52490 1.802 Double Clp-N motif-containing P-loop nucleoside triphosphate hydrolases  
244920_s_at At2g07751 AtMg00990 1.801 NADH:ubiquinone/plastoquinone oxidoreductase, chain 3 protein 
245009_at AtCg00380 1.800 RPS4__chloroplast ribosomal protein S4 
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259838_at At1g52220 1.800 unknown protein 
261572_at At1g01170 1.796 Protein of unknown function (DUF1138) 
261136_at At1g19600 1.785 pfkB-like carbohydrate kinase family protein 
250563_at At5g08050 1.783 Protein of unknown function (DUF1118) 
244943_at AtMg00070 1.763 NAD9__NADH dehydrogenase subunit 9 
245195_at At1g67740 1.760 PSBY_YCF32__photosystem II BY 
244902_at AtMg00650 1.740 NAD4L__NADH dehydrogenase subunit 4L 
257974_at At3g20820 1.716 Leucine-rich repeat (LRR) family protein 
244921_s_at AtMg01000 1.714 ORF114__hypothetical protein 
246847_at At5g26820 1.709 ATIREG3_IREG3_IREG3_MAR1_RTS3__iron-regulated protein 3 
265230_s_at At2g07707 AtMg00480 1.703 Plant mitochondrial ATPase, F0 complex, subunit 8 protein 
249174_at At5g42900 1.700 COR27__cold regulated gene 27 
245019_at AtCg00530 1.700 YCF10__CemA-like proton extrusion protein-related 
245020_at AtCg00540 1.697 PETA__photosynthetic electron transfer A 
244929_at AtMg00580 1.685 NAD4__NADH dehydrogenase subunit 4 
265814_at At2g17930 1.674 Phosphatidylinositol 3- and 4-kinase family protein with FAT domain 
257985_at At3g20810 1.662 2-oxoglutarate (2OG) and Fe(II)-dependent oxygenase superfamily protein 
255826_at At2g40490 1.622 HEME2__Uroporphyrinogen decarboxylase 
263509_s_at At2g07687 AtMg00730 1.533 Cytochrome c oxidase, subunit III 
259008_at At3g09390 1.504 ATMT-1_ATMT-K_MT2A__metallothionein 2A 
 
 
 
